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BEFORE THE PUBLIC SERVICE COMMISSION 
 

OF THE STATE OF NORTH DAKOTA 
 

  
 
 
IN THE MATTER OF OTTER TAIL POWER 

COMPANY’S APPLICATION FOR AN 

ADVANCE DETERMINATION OF PRUDENCE 

FOR ITS BIG STONE AIR QUALITY CONTROL 

SYSTEM PROJECT 

)
)
)
)
)
)
)

 
 
 
                     CASE NO. PU-11-____ 

 
 

APPLICATION FOR TRADE SECRET PROTECTION 
 
 Pursuant to N.D. Admin. Code § 69-02-09-01, Otter Tail Power Company (“Otter Tail”) 

respectfully requests that the Commission issue a trade secret protective order under N.D. 

Admin. Code § 69-02-09-04.  The purpose of the requested protective order is to protect against 

public disclosure of trade secrets as defined by N.D. Cent. Code § 47-25.1-01(4). 

 The information for which Otter Tail seeks trade secret protection are the following 

attachments to the Application for an Advance Determination of Prudence filed on May 20, 

2011: 

 Attachment No. 4 – SO2, NOx, and Mercury Reduction Study 

 Attachment No. 5 - Big Stone Plant AQCS Project Cost Estimate 

 Attachment No. 6 - Big Stone AQCS Project Operating and Maintenance Cost 

Calculations 

 Attachment No. 8 – Natural Gas Conversion Conceptual Study 

 Attachment No. 9 – Otter Tail Power Company BSP Pro Forma Results Letter 

Report North Dakota 

The above-referenced information is not publicly available and is confidential business 

information.  The information was prepared specifically for Otter Tail with data inputs unique to 

Otter Tail, pursuant to agreements that require the continuing confidentiality of the information.   

Furthermore, the information cannot be selectively disclosed without violating the public 

reporting requirements of the Securities and Exchange Commission.  The information, therefore, 

is not readily ascertainable by proper means by other persons.   
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Vendors and competitors would have an opportunity to obtain economic value from 

disclosure or use of the information, to the detriment of Otter Tail and the customers we serve.  If 

publicly available, vendors could use the information to their advantage in competing for project 

procurement opportunities, while competitors could use the information to leverage their rate 

positions in the marketplace to Otter Tail’s detriment.  

In accordance with N.D. Admin. Code § 69-02-09-02, one copy of the trade secret material is 

provided in the enclosed sealed envelope labeled TRADE SECRET – PRIVATE. 

Respectfully submitted this 20th day of May 2011. 

 

      OTTER TAIL POWER COMPANY 
 
 
 
      By  /s/  MARK BRING    
       Mark Bring 
       Associate General Counsel 
       Otter Tail Corporation 
       215 South Cascade Street, PO Box 496 
       Fergus Falls, MN  56538-0496 
       Telephone No. (218) 998-7152 
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BEFORE THE PUBLIC SERVICE COMMISSION 
 

OF THE STATE OF NORTH DAKOTA 
 
 
IN THE MATTER OF OTTER TAIL POWER 

COMPANY’S APPLICATION FOR AN 

ADVANCE DETERMINATION OF PRUDENCE 

FOR ITS BIG STONE AIR QUALITY CONTROL 

SYSTEM PROJECT 

)
)
)
)
)
)
)

 
 
 
                     CASE NO. PU-11-____ 

 
 
 
 

APPLICATION FOR AN ADVANCE 
 DETERMINATION OF PRUDENCE 

 
 

 Otter Tail Power Company (Otter Tail or Applicant), makes this Application pursuant to 

NDCC § 49-05-16 and NDAC § 69-02-02-04, for an advance determination that the addition of 

the air quality control system (AQCS) at the Big Stone Generating Station, to comply with the 

Federal Clean Air Act and the South Dakota Regional Haze Implementation Plan (SD Haze SIP), 

is reasonable and prudent.  

I. 

 That Applicant's full name and post office address are: 

    Otter Tail Power Company 
    215 South Cascade Street 
    P.O. Box 496 
    Fergus Falls, MN 56538-0496 
 

II. 

 That Applicant is a Minnesota corporation duly authorized to do business in the State of 

North Dakota as a foreign corporation, and that it is doing business in the State of North Dakota 
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as a public utility subject to the jurisdiction of and regulation by the North Dakota Public Service 

Commission (Commission) under NDCC Title 49 as amended. 

III. 

 Applicant's Certificate of Incorporation and Amendments thereto have been 

previously filed with the Commission. Such Certificate and Amendments are hereby 

incorporated by reference, as though fully set forth herein.  A Certificate of Good Standing is 

attached. 

IV. 
 

 That the Big Stone Generating Plant (Big Stone or Plant) is a 475 megawatt (MW) coal-

fired power plant located near Milbank, South Dakota.  The Plant became operational in 1975 

and burns low sulfur sub-bituminous coal using a cyclone-fired boiler.  Big Stone is jointly 

owned by three utilities:  Otter Tail (53.9%), NorthWestern Energy (23.4 %), and Montana-

Dakota (22.7 %). 

V. 

 That the SD Haze SIP and its implementing rules provide that the Big Stone AQCS be 

installed, operated and shown to comply as expeditiously as practicable but not later than five 

years from the United States Environmental Protection Agency’s (EPA) approval of the SD Haze 

SIP submitted to the EPA on January 21, 2011 by the South Dakota Department of Environment 

and Natural Resources.  As a result, if EPA approves the SD Haze SIP in 2011, the Big Stone 

AQCS must be installed and operational by 2016.  To be in compliance by 2016, the AQCS 

Project design must be finalized and procurement of major elements of the AQCS must be 

initiated in early 2012.  That the estimate of the capital costs to install the AQCS Project at Big 

Stone is $489,397,400.00 (2015 dollars), +/-20%.   
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VI. 

 The EPA recently proposed National Emissions Standards for Hazardous Air Pollutants 

(HAPs) for Coal-Fired Utilities which would require mercury emissions reductions at the Plant.  

The rule was proposed on March 16, 2011, and is projected to be final by November 16, 2011.  

The compliance timeline of the proposed rule requires coal-fired utilities to install mercury 

controls to comply with the rule’s established mercury emission limits by early 2015.  The Co-

Owners are recommending installation of the mercury control equipment at the time of the 

AQCS project as the requirement to control mercury emissions is anticipated within the time 

frame of the AQCS project.  Installation of mercury control equipment on the Plant is estimated 

to cost an additional $5,012,700.  Otter Tail’s share of the total estimated cost of the AQCS 

Project including installation of mercury control equipment is approximately $266 million (2015 

dollars).   

VII. 

 The Exhibits attached hereto and Otter Tail’s Integrated Resource Plan submitted to the 

Commission on June 25, 2010 (Case No. PU-10-346) with results presented at a Periodic 

Information Exchange meeting on July 23, 2010, demonstrate the Big Stone AQCS project (and 

additional mercury control anticipated to be required by March 16, 2011 proposed rule relating 

to HAPs) is a prudent course of action and the most cost effective option to allow the continued 

operation of the Big Stone plant beyond 2016.    Montana-Dakota is filing a similar application 

for advance determination of prudence with respect to its participation in the AQCS project as a 

Co-Owner of the Big Stone Plant.  Exhibits 1-3 attached hereto represent exhibits jointly filed by 

Otter Tail and Montana-Dakota in support of the AQCS project.    
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 VIII. 

 That the following list of exhibits is attached hereto in support of the Application.  A 

Verification is provided for Joint Exhibits 1-3. 

 Joint Exhibit 1- Detailed description of the Big Stone Air Quality Control System 

Project verified by Mr. Mark Rolfes, Manager, Generation Development.  

 Joint Exhibit 2 - Reasonableness of the Big Stone AQCS Project verified by Mr. 

Mark Rolfes, Manager, Generation Development. 

 Joint Exhibit 3 – Assessment of Financial and Operational Impacts of Pending 

Environmental Regulations to the Big Stone Plant verified by Mr. Mark Rolfes, 

Manager, Generation Development. 

IX. 

 That Applicant believes it is in the public interest that Applicant be granted an Advance 

Determination of Prudence to proceed with the installation of the AQCS project (including 

mercury control anticipated to be required by March 16, 2011 proposed rule relating to HAPs) as 

more fully described in Exhibit 1, in the time frame required to meet the SD Haze SIP 

requirements.   

 WHEREFORE, Applicant respectfully requests that the Commission:   

 1. Issue Notice of Opportunity for hearing to interested parties and, if no hearing is 

requested within twenty days, to waive the hearing in accordance with subsection 5 of NDCC 

§49-02-02; 

 2. Issue an order determining that the design and installation of the Big Stone AQCS 

project (including mercury control anticipated to be required by the March 16, 2011 proposed 

rule relating to HAPs) is reasonable and prudent; and  
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 3. Grant such other relief as the Commission shall deem appropriate. 

Dated this 20th day of May 2011.    

      OTTER TAIL POWER COMPANY 
 
 
      BY   /s/ MARK ROLFES    
      Mark Rolfes 

Manager Generation Development 
215 South Cascade Street, PO Box 496 
Fergus Falls, MN  56538-0496 
Telephone No. (218) 739-8648 
 

       
Subscribed and sworn to before me  
this 20th day of May 2011. 
 
   /s/ WENDI A. OLSON   
Otter Tail County, Minnesota 
My Commission Expires: 01/31/2015 
 
 
 
Of Counsel: 
 
Mark Bring 
Associate General Counsel 
Otter Tail Corporation 
215 South Cascade Street, PO Box 496 
Fergus Falls, MN  56538-0496 
Telephone No. (218) 998-7152 
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I. Joint Exhibit 1 - THE BIG STONE AIR QUALITY CONTROL SYSTEM 
PROJECT 

A. Big Stone Plant Description 

The Big Stone Plant (“Big Stone” or “Plant”) is located in Grant County, South Dakota, 2.5 
miles northwest of Big Stone City, South Dakota, which is near the Minnesota/South Dakota 
border.  Big Stone is rated at 495 MW gross and 475 MW net electrical output.  The Plant has 
three owners; Otter Tail Power Company (“OTP”) owns 53.9 percent of the Plant, NorthWestern 
Energy owns 23.4 percent, and Montana-Dakota Utilities Co. (“Montana-Dakota”) owns 22.7 
percent.  The Co-Owners, as investor owned utilities, use the Plant to provide electricity to 
customers in their South Dakota, North Dakota, Montana and Minnesota service areas.  
Montana-Dakota and OTP serve North Dakota load.  The Plant was built in the early 1970s and 
began commercial operation on May 1, 1975.  Montana-Dakota and OTP request in their 
Applications that the Commission find prudent Montana-Dakota’s and OTP’s participation in the 
AQCS Project.  In terms of the joint plant ownership agreement, approval of two of the three 
owners is needed to decide on whether to proceed with the AQCS Project or any other course of 
action. 

The Plant was constructed and operates as a baseload facility with load following capabilities.  
Load following is the ability for the unit to adjust its output between full load and partial load to 
meet the demands of the system.1  The Plant is a cornerstone generation source for all three 
companies, comprising the largest baseload resource for each of the Co-Owners.  The Plant also 
provides electricity, steam and water to the adjacent POET Biorefining Ethanol Plant. 

The Big Stone Plant has a single generating unit.  Its cyclone boiler was originally designed by 
Babcock & Wilcox to burn lignite fuel.  The boiler is a Carolina-type balanced draft pump-
assisted radiant unit.  The unit was originally constructed with a Westinghouse steam turbine and 
generator.  Through the years, due to maintenance problems and efficiency improvement, certain 
steam components have been replaced.  The generator stator and rotor have been rewound, and 
the generator shaft was replaced in 1987 due to failure of the original rotor. 

The Plant now receives its fuel from Wyoming, transported by the BNSF Railway Company.  
The Big Stone Plant burns low sulfur PRB fuel to limit sulfur dioxide emissions, but it is not 
currently equipped with a flue gas desulfurization system for control of sulfur dioxide emissions, 
commonly referred to as a scrubber.  Particulate emissions are controlled by a baghouse, and an 
over fire air system provides nitrogen oxide control. 

The Plant is a zero-liquid discharge facility, meaning that no process water used in Plant 
operations leaves the site other than through evaporation.  Big Stone Lake is the water source for 
the Plant.  Water can only be taken from the lake when lake levels are at or above levels 
prescribed in water appropriations permits issued by the South Dakota Department of 
Environment and Natural Resources (South Dakota DENR).  The water is stored in a cooling 
                                                 
 
1  For example, during certain times of the year the Plant’s output will be low at night, as demand is low.  The 

Plant will then increase output in the morning as the system load increases.  Late in the evening the Plant will 
decrease its output as load decreases.   
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pond for use in the condenser for cooling.  The Plant also has an evaporation pond and holding 
pond for maintaining water quality as well as a brine concentrator used to control water 
chemistry in the cooling pond. 

The Big Stone Plant has a dry on-site ash disposal area permitted by the South Dakota DENR.  

B. Requirement to Implement the Big Stone AQCS Project 

The federal Clean Air Act established a national goal of remedying any existing and preventing 
any future impairment of visibility from man-made air pollution in specified “Class I” areas of 
the United States.2  EPA promulgated the Regional Haze Rule (“RHR”) in 1999 to address 
visibility impairment in these areas, and in 2005 published a revised rule that provided guidelines 
for control technology determinations under the RHR.3  State environmental agencies like the 
South Dakota DENR and the North Dakota Department of Health (DOH) are required to submit 
State Implementation Plans (“SIPs”) to EPA that develop and implement their strategy to reduce 
existing emissions that may contribute to regional haze, and to set additional reasonable progress 
goals toward meeting the goal of no man-made visibility impairment in Class I areas by 2064.4 

Of the multiple CAA requirements for state regional haze programs, among the most significant 
requirements is the requirement to procure, install and operate Best Available Retrofit 
Technology (“BART”) on major air emission sources, including existing electric generating 
units, that were placed into operation between 1962 and 1977.5  The BART requirement is 
designed to determine appropriate air pollution control equipment to retrofit major air emission 
sources that were constructed before the applicability of the New Source Review program in the 
late 1970s.6  The Big Stone Plant became operational in 1975 and is among the newer plants 
subject to the BART requirement. 

Because the Big Stone Plant is located in South Dakota, the South Dakota DENR is the agency 
responsible for developing the SD Haze SIP, which includes the determination of BART 
emission controls for air emission sources in the state that are subject to the BART requirement.  
A regional haze SIP includes extensive emission and visibility impact analysis, establishment of 
goals for reasonable progress in improving visibility, development of a long term strategy, and 

                                                 
 
2  42 U.S.C. § 7479 (CAA § 169A). 

3  40 C.F.R. §§ 51.300 to 51.309 (“Protection of Visibility”) & App. Y (“Guidelines for BART Determinations 
Under the Regional Haze Rule”). 

4  For major air emission sources in North Dakota, including electric generating units located in North Dakota, the 
DOH developed a SIP that determines Best Available Retrofit Technology requirements for multiple facilities, 
and takes other action to reduce regional haze from North Dakota sources of air pollution. 

5  See 42 U.S.C. § 7491(b)(2)(A) (CAA § 169A(b)(2)(A)). 

6  While emission standards had been applied to electric generating units in other Clean Air Act programs before 
the late 1970s, the New Source Review program was not yet in place.  The New Source Review program 
initiated the requirement that new major sources of air emissions install Best Available Control technology as 
part of their construction permit requirements.  See 42 U.S.C. § 7475(a)(4) (CAA § 165(a)(4)). 
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determination of BART requirements for individual facilities.7  The process of preparing the SIP 
also includes opportunities for public comment, consultation with Federal Land Managers, and 
review of proposed plans by neighboring states. 

At the culmination of work begun in 2007, the DENR determined that Big Stone is both BART-
eligible and subject to BART, based upon air dispersion modeling indicating that Big Stone 
reasonably contributes to visibility impairment in certain Class I areas in South Dakota, North 
Dakota, Michigan, and Minnesota.8  The DENR therefore determined that BART must be 
installed on Big Stone.  Section 6.0 of the SD Haze SIP, the section that explains the BART 
determination made for the Big Stone Plant, is provided as Attachment 1 to this Exhibit. 

The Co-owners also assessed other anticipated environmental regulations and the costs that could 
be expected to be imposed to achieve compliance.  That assessment is provided in Attachment 2 
to this Exhibit. 

Since BART is a case-by-case determination for each unit that is subject to BART, the DENR 
evaluated available control technology for particulate matter (“PM”), sulfur dioxide (“SO2”) and 
nitrogen oxides (“NOX”), based on its technical feasibility, cost, non-air impacts, remaining 
useful life of the source, and projected reduction of visibility impacts.9  After considering 
information on the available control technology options, the DENR assessed the visibility 
improvement to be expected from the installation of air pollution control technology on the Big 
Stone Plant, in eight different configurations.10 

Based on its extensive technical analysis, the South Dakota DENR made a final determination 
that the following control technology constitutes BART for the Big Stone Plant: 

 Selective Catalytic Reduction with Separated Overfire Air (“SCR,” “SOFA,” and 
collectively, “SCR/SOFA”), for NOX, which provides the highest level of control of the 
control equipment found to be feasible; 

                                                 
 
7  South Dakota’s full SIP contains these elements, and may be found online at: 

http://denr.sd.gov/des/aq/publicnotices/RegionalHazeSIPDraft.pdf. 

8  In 2010 the South Dakota DENR determined that, based on air dispersion modeling results, the Big Stone Plant 
would be reasonably anticipated to contribute to an impairment of visibility at the following Class I Areas:  
Badlands National Park in South Dakota, Theodore Roosevelt National Park in North Dakota, Isle Royale 
National Park in Michigan, and Voyagers National Park and the Boundary Waters Canoe Area in Minnesota.  
The detailed technical analysis and associated modeling results are fully set forth in the SD Haze SIP, §§ 6.1.3, 
Otter Tail Power Company-Big Stone I, and 6.2, Otter Tail Power Company’s Modeling Results. 

9  Id. at §§ 6.3.1, Particulate BART Review, 6.3.2, Sulfur Dioxide BART Review, and 6.3.3, Nitrogen Oxide 
BART Review. 

10  Id. at § 6.3.4, Visibility Impact Evaluations. 
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 Semi-Dry Flue Gas Desulfurization (FGD), for SO2,
11 which provides slightly less than 

the highest level of SO2 control of the control equipment found to be feasible, but which 
SD DENR found to have less visibility impact than the top-ranked option for SO2, when 
modeled in combination with the selected NOX and PM BART controls; and 

 Baghouse, for PM, which provides the highest level of control of the control equipment 
found to be feasible.12  

The emission limitations represented by installation of the above-listed control technologies on 
Big Stone were determined to constitute BART, and are required by the SD Haze SIP to be 
installed and operational as expeditiously as practicable but not later than five years from EPA’s 
approval of the SD Haze SIP.  The SD DENR submitted its SD Haze SIP to EPA on January 21, 
2011.  As part of the SD Haze SIP, South Dakota implemented its BART determination by 
placing the related emission limitations into its state rules.13  Administrative Rules of South 
Dakota Chapter 74:36:21, provided as Attachment 3 to this Application, requires these controls 
to be installed on existing coal-fired power plants that are subject to BART by establishing the 
related emission limitations for SO2, NOX and PM that reflect the installation of the BART 
control technology.14  The Big Stone Plant is the only plant in South Dakota to which this rule 
applies.15 

The EPA could require changes in aspects of the SD Haze SIP as part of its review although the 
EPA has reviewed and provided comments to the South Dakota DENR throughout the 
development of the SD Haze SIP.  EPA’s latest comments to the DENR related to the form of 
the final emission limitations and their associated compliance monitoring requirements, and 
other parts of the SD Haze SIP not related to the Big Stone AQCS.  The EPA did not disagree 
with the control technology chosen as BART for the Big Stone Plant, and adjustments to the 

                                                 
 
11  The most common semi-dry FGD system is the lime Spray Dryer Absorber (SDA) using a baghouse for 

downstream particulate collection.  This Petition addresses the spray dryer FGD process.  Two other variations, 
the Novel Integrated Desulfurization (NIDTM) and Circulating Dry Scrubber are similar technologies that 
achieve similar levels of control effectiveness.  They primarily differ by the type of reactor vessel used, the 
method in which water and lime are introduced into the reactor and the degree of solids recycling.  Due to the 
similar nature of the different semi-dry technologies and the similar levels of control efficiency achieved by all 
the technologies, semi-dry technologies are grouped together for purposes of this Petition. 

12  While the current baghouse represents BART, the baghouse will have to be replaced to accommodate the 
additional flue gas draft requirements that will be caused by the upstream installation of the semi-dry FGD and 
SCR/SOFA systems. 

13  See SD Haze SIP, § 6.4, BART Requirements. 

14  S.D. Admin. R. 74:36:21:06, BART Determination for a BART-eligible Coal-fired Power Plant, establishes the 
emission limitations for particulate, sulfur dioxide and nitrogen oxides.  The rules were approved by the South 
Dakota Board of Minerals and Environment on September 15, 2010, and by the South Dakota Interim Rules 
Review Committee on November 17, 2010.  The rules were filed with the South Dakota Secretary of State on 
November 17, 2010, and became effective twenty (20) days later, on December 7, 2010.   

15  See SD Haze SIP, § 6.2, concluding that the Big Stone Plant is “the only source subject to BART in South 
Dakota.” 
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form of final emission limits and compliance monitoring requirements would be extremely 
unlikely to change the determination of the control equipment required by the DENR under 
BART.  This is especially the case given that the DENR chose the combination of controls 
predicted by air dispersion modeling to provide the greatest degree of visibility improvement of 
the options available. 

The comparison of emission limitations in the Big Stone Plant’s current South Dakota DENR air 
quality permit with the emission limitations that represent the DENR’s BART determination are 
shown in Table 1. 

Table 1 – Big Stone Emission Limits 

 Current Permit BART Rule 
SO2 3.0 lb/mmBtu 0.09 lb/mmBtu 

PM10 0.26 lb/mmBtu 0.012 lb/mmBtu 
NOX 0.86 lb/mmBtu 0.10 lb/mmBtu 

   
According to South Dakota DENR’s BART determination, the suite of control technologies to be 
implemented in the Big Stone AQCS reduce emissions to a level at which the Plant would not 
reasonably contribute to visibility impairment in the Boundary Waters and Voyager’s Class I 
areas in Minnesota, Isle Royale National Park in Michigan, the Badlands National Park in South 
Dakota, and the Theodore Roosevelt National Park in North Dakota.16   

C. Detailed Description of the Big Stone AQCS Project 

The Big Stone AQCS Project consists of a semi-dry FGD system with a new baghouse, 
anhydrous-based SCR, SOFA, Activated Carbon Injection (“ACI”), and the associated ancillary 
balance-of-plant systems.  The Plant’s Co-Owners have included in the AQCS the design and 
installation of an ACI for control of mercury emissions in anticipation that such requirements 
will be imposed by the EPA within the timeframe of the AQCS Project construction schedule.17  
At OTP’s request on behalf of the Co-Owners, Sargent & Lundy, LLC (“Sargent & Lundy”) 
conducted a conceptual design study and prepared estimated costs for the AQCS needed to 
comply with the South Dakota DENR BART determination.  The conceptual design is attached 
to this Exhibit as Attachment 4, and an updated cost estimate is included as Attachment 5.  This 
section of the Exhibit describes the AQCS in detail, while the implementation schedule and cost 
of the AQCS Project are discussed in the sections that follow. 

1. Semi-Dry Flue Gas Desulfurization 

The semi-dry FGD system is focused on the control of SO2 emissions, and includes spray dryer 
absorbers, a baghouse, lime and recycle preparation, and solid waste handling.  The spray dryer 
absorbers and baghouse are installed on the Plant downstream of the air heater.  In a semi-dry 
                                                 
 
16  See SD Haze SIP, § 6.3.4, Visibility Impact Evaluations. 

17  Because installation of the ACI system is proceeding in anticipation of the future requirement to control 
mercury emissions, the ACI system is part of Montana-Dakota’s and OTP’s requests for an ADP. 
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FGD system, flue gas is brought into contact with lime slurry in a spray dryer absorber (SDA) 
vessel.  This process uses pebble quicklime (CaO) that must be hydrated before use.  Pebble lime 
is delivered to the Plant site via truck and stored in a silo.  Lime would then transfer to a slaker 
where the hydration (water mixed with lime) occurs.  SO2 absorption takes place in the SDA.  
Additional SO2 removal takes place in the baghouse, downstream of the SDA.  Calcium reacts 
with the SO2 to form two waste solids, sulfate (CaSO4) and sulfite (CaSO3). 

The dried solids are entrained in the flue gas, exit the SDA along with the fly ash from the boiler, 
and are then collected in a baghouse.  Waste collected in the baghouse is pneumatically 
transported to either a waste storage silo or a recycle silo.  The recycle silo is located above the 
waste slurry preparation area.  From the recycle silo, the dry waste flows to a premix tank where 
it is combined with water.  The slurry overflows to a recycle holding tank, which then overflows 
into a recycle slurry storage tank.  This recycle system allows the lime to be passed through the 
SDA several times, mainly to reduce lime consumption.  Semi-dry FGD waste not utilized in the 
recycle silo will be sent to a waste storage silo then loaded into trucks and sent to a landfill for 
disposal. 

 

2. Selective Catalytic Reduction with Separated Overfire Air 

SCR/SOFA technology is focused on the control of NOX emissions.  SCR is a post-combustion 
technology that uses catalyst elements, which are housed in a reactor that is installed in the flue 
gas stream upstream of the air heater.  The process utilizes ammonia, which reacts with NOX in 
the presence of a catalyst to reduce the NOX to nitrogen and water. 

Ammonia is injected into the flue gas stream well ahead of the catalyst, so the ammonia and 
NOX are uniformly distributed as they reach the catalyst.  The target temperature window for the 
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flue gas is 625°F ± 25°F to 750°F ± 25°F.  Flue gas exiting the SCR reactor will contain low 
concentrations of unreacted ammonia (called ammonia slip).  Slip is limited to 2 ppmvd (parts 
per million, volumetric, dry) (at 3% O2) at the SCR outlet.  A higher slip value usually indicates 
that catalyst is beyond its life and is losing effectiveness at reducing NOX. 

 

The SOFA system is designed to provide optimum mixing of the balance of combustion air with 
the main combustion zone flue gas during the second stage of combustion within the furnace 
region of the Plant’s cyclone boiler.  The unique combustion characteristics of a cyclone furnace 
allow excellent NOX reduction to be achieved while maintaining the balance of separated 
overfire air entry point into the boiler at close proximity to the cyclones themselves. 

3. Activated Carbon Injection 

ACI technology is focused on the control of mercury emissions.  ACI uses powdered-activated 
carbon (“PAC”), which is pneumatically injected into the flue gas stream prior to the particulate 
collection equipment, to capture both elemental and ionic mercury (“Hg”).  PAC is delivered to 
the Plant site by truck and pneumatically unloaded into a silo by a blower located on the truck.  
PAC is blown into the top of the silo and then settles to fill the vessel.  Fluidized PAC is then 
transferred from the silo cone through a rotary airlock feeder into a gravimetric feeder.  After the 
gravimetric feeder, the PAC is blown through a piping system and distributed to an array of 
injection lances that disperse the PAC into the cross-section of the flue gas ductwork upstream of 
the particulate control device.  In the ductwork, PAC mixes with flue gas and the vapor-phase Hg 
is adsorbed on the surface of the PAC particle.  The PAC particles then are captured in the 
particulate collection device. 

4. Balance of Plant Modifications 

In order to install and successfully operate the control technologies that are part of the AQCS 
Project, the Co-Owners also must make the following balance of plant modifications at Big 
Stone: 

 Modify the boiler to deliver flue gas at the required temperature for operation of the SCR 
and to maintain or improve boiler efficiency; 
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 Replace the existing baghouse; 

 Replace the ID fans; 

 Reinforce the boiler and duct work; and 

 Modify the plant electrical infrastructure. 

The following schematic depicts the AQCS system as it would be installed at the Plant. 

 

D. Implementation Schedule 

The SD Haze SIP and its implementing rules require that the Big Stone AQCS be installed, 
operated and shown to comply as expeditiously as practicable, but not later than five years from 
the EPA’s approval of the SD Haze SIP.18  As a result, if the EPA approves the SD Haze SIP in 
2011, the Big Stone AQCS may be required to be installed and operational by 2016.  To be in 
compliance by 2016, OTP must finalize the AQCS Project design and start procurement of major 
elements of the AQCS in early 2012.   

                                                 
 
18  S.D. Admin. R. 74:36:21:07, Installation of Controls based on Visibility Impact Analysis or BART 

Determination; SD Haze SIP § 6.4, BART Requirements.  The SD DENR submitted the SD Haze SIP to EPA 
on January 21, 2011. 
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The final deadline for BART compliance will be set by the EPA’s approval date.   In addition, 
EPA has the discretion to partially approve a SIP submittal, so there is also the possibility that 
EPA could decide to approve the Big Stone BART determination in advance of other elements of 
the SD Haze SIP.  This leaves the Co-Owners under the obligation to proceed with the AQCS 
Project as expeditiously as practicable, and within the timeframe needed to meet a five year 
compliance deadline that could end by 2016. 

The exact compliance deadline is not now known, and is not in the Co-Owners control to 
determine.  The Big Stone AQCS is a large undertaking that will take several years to complete.  
The main implementation steps, if regulatory approval is received to proceed, include detailed 
engineering work in 2011, with procurement of major components of the AQCS starting in early 
2012.  The construction phase will continue into 2015.  Once constructed, the AQCS would need 
to be tied in to the Plant, which would best be done during a scheduled outage of the Plant in 
2015.  Testing to demonstrate the compliance of the AQCS with the BART emission limits will 
need to occur within six months of the tie in of the AQCS with the Plant, and in time to start 
compliant operation before the final compliance deadline. 

Attachment 5 to this Application includes a cost estimate and implementation schedule for the 
Big Stone AQCS Project which provides considerable detail on the steps and time periods 
involved in completing the project.  This implementation schedule shows that the Big Stone 
AQCS is a five year project, not considering schedule slippage that could occur for a variety of 
reasons as a complex series of tasks are performed and coordinated over a substantial period of 
time.19 

E. Cost Estimate 

The estimate of the capital costs to install the AQCS Project at Big Stone, including the semi-dry 
FGD scrubber, SCR/SOFA, new baghouse and balance of plant changes, escalated to an in-
service date of late 2015, is $489,397,400, with an accuracy of +/-20%.  Installation of mercury 
control equipment on the Plant is estimated to cost an additional $5,012,700.  The Co-Owners 
are recommending installation of the mercury control equipment at the time of the AQCS project 
as the requirement to control mercury emissions is anticipated to become effective within the 
time frame of the AQCS project.  The EPA recently proposed National Emissions Standards for 
Hazardous Air Pollutants for Coal-Fired Utilities which requires mercury emissions reductions 
that would apply to the Plant.  The rule was proposed on March 16, 2011, and is projected to be 
final by November 16, 2011.  The compliance timeline of the proposed rule requires utilities 
with coal-fired units to install mercury controls to comply with the rule’s established mercury 
emission limits by early 2015.   

The capital cost estimate was prepared for the Plant’s Co-Owners by Sargent & Lundy.20  
Sargent & Lundy was selected as the engineering firm for the AQCS Project as part of a request 
for proposal process that considered cost, experience and expertise.  Sargent & Lundy was both 

                                                 
 
19  Attachment 5 (Big Stone Plant AQCS Project Cost Estimate). 

20  Attachment 5. 
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the lowest cost firm and the firm that has performed the engineering on more projects like the 
AQCS Project than any other firm in the country.  In particular, Sargent & Lundy has been 
involved with 57% of the dry FGD projects, 46% of the wet FGD projects and 30% of the SCR 
projects in the industry. 

Sargent & Lundy’s detailed explanation of the basis for the capital cost estimate was based on a 
conceptual design of the project and Sargent & Lundy’s experience with similar projects.21  
Because OTP is at the early stages of the engineering process (only 2% of the engineering work 
has been completed), the estimate includes a contingency range of +/-20%. 

The cost estimate has been compared to similar projects that Sargent & Lundy have completed, 
as adjusted for plant size and year in-service.  The results on an equalized basis show that the 
cost estimate is consistent with other comparable projects.  Large retrofit projects such as the 
AQCS Project at Big Stone typically contain very unique features that result from physical or 
operating constraints present at the existing plants.  These unique conditions often make 
comparing one project to the other difficult.  For example, some plants have considerable space 
available for new equipment while others are limited in space, and some plants have design 
margin in their auxiliary power systems, draft systems, etc., while other plants have no or limited 
available design margin in their existing systems.  Consequently, the cost data from projects 
completed by Sargent & Lundy, as well as, publicly available data from semi-dry FGD and SCR 
projects completed in the years 2006 to 2010, fall within a fairly wide range of values from 
$525/kwg to $850/kwg in 2010$.  Using this cost range as a benchmark, the AQCS Project at Big 
Stone is consistent with other comparable projects in that the AQCS Project falls near the 
midpoint of the range of historical costs at a value of approximately $617/kwg.

22  In addition to 
the capital cost, there will be an additional ongoing cost to operate and maintain the AQCS 
equipment.  It is estimated that in 2016, the expected first full year of operation, the additional 
cost to operate the equipment would be approximately $11 million (including escalation).23  The 
additional operating and maintenance cost would add approximately $3.50 to the cost to produce 
a MWh of energy, or $.0035 per kWh, based on the Plant’s net dispatchable energy generation of 
3,120,750 MWh.  The total annual operating and maintenance costs for the Plant in 2016 with an 
AQCS will be $27.3 million,24 with the share to be borne by Montana-Dakota’s North Dakota 
customers of approximately $4.0 million and the share borne by OTP’s North Dakota customers 
of approximately $5.9 million.  The biggest operational cost increase (approximately two-thirds 

                                                 
 
21  The cost estimate provided in Attachment 5 is a revision to an earlier less detailed cost estimate included in 

Attachment 4 (SO2, NOX, and Mercury Reduction Study) and reflects a substantial reduction in estimated costs 
for the AQCS Project due to a series of cost optimization decisions about the basic project design.  The cost 
optimizations are summarized in a table describing 14 changes to reduce the estimated capital cost of the AQCS 
Project from that portrayed in Attachment 4. 

22  The cost range and the $617/kwg estimate for the Big Stone AQCS Project do not include escalation beyond 
2010 and AFUDC.  Additionally, the Big Stone AQCS estimate does not include the substantial boiler 
modifications that are considered to be very unique to the Big Stone AQCS Project. 

23  Attachment 6 (Big Stone AQCS Project Operating and Maintenance Cost Calculations). 

24  Id. 
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of the operational cost increase) is caused by the lime and ammonia necessary to operate the 
SCR and semi-dry FGD, as well as the addition of employees at the Plant.25 

The addition of control for mercury, which is likely to occur in the same timeframe, would add 
an operating and maintenance cost of approximately $2 million per year.26  This would add 
approximately $0.65 to the cost to produce a MWh of energy, or $.00065per kWh. 

F. Efforts to Insure Lowest Reasonable Costs 

To ensure the lowest reasonable cost, the Co-Owners will: (1) use a request for proposal to select 
the lowest evaluated cost; (2) use a single erection contractor to manage installation to insure 
coordinated site work; (3) use separate requests for proposal for each major portion of the AQCS 
Project to allow for competition in the bidding process; and (4) aggressively manage the project 
to assure lowest reasonable cost.27 

OTP on behalf of the Co-Owners, requested recommendations from Sargent & Lundy on how to 
manage the contracting process for the AQCS Project to insure that the project is implemented at 
lowest reasonable cost.  Sargent & Lundy has a record of engineering and delivering AQCS 
projects at a lower cost than its competitors, and has worked on over half of the projects in the 
country that are similar to the AQCS Project.  The analysis Sargent & Lundy provided is 
included as Attachment 7 to this Application. 

Sargent & Lundy recommended an approach to managing the AQCS Project that will attempt to 
take advantage of favorable market conditions, but which will ensure the lowest reasonable cost 
if market conditions become more adverse as the AQCS Project is implemented.  Under the 
recommended approach, the Co-Owners plan to solicit bids from suppliers for each major 
portion of the AQCS pollution control systems (the semi-Dry FGD, the SCR and the balance of 
plant modifications).  This approach will allow the Co-Owners to go to the market sooner than is 
possible if the entire project must be developed as part of an Engineer Procure Construct 
solicitation.  In addition, the Co-Owners plan to contract with a single erection contractor, to 
minimize the problems that can occur from multiple interfaces between numerous contractors.  
This approach will improve scheduling, resulting in better utilization of resources that will assist 
in achieving the lowest reasonable cost for the AQCS Project. 

The Co-Owner’s approach will avoid the potentially adverse costs of a date certain/price certain 
turnkey project, which could cost +/-10% or more (+/- $50 million).  A turnkey approach, in 
addition to being too costly, would constrain the Co-Owners’ ability to use the advantage to 
schedule early in the project through the procurement of equipment under current favorable 
market conditions, restrict the ability to select individual contractor combinations, disqualify 
potentially more cost-effective regional contractors who would not have the ability to bid on the 

                                                 
 
25  Attachment 6; Attachment 4, Section 6. 

26  Attachment 6. 

27  If market conditions change greatly, this could result in changes in the contracting approach currently 
contemplated for the project. 
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project as a whole, restrict the Co-Owners’ input during design development, and increase 
contingencies because the contractor’s bid is based on less-developed engineering.  Similarly, a 
contract approach using multiple suppliers and contractors managed by the Co-Owners has risks 
due to the complexity of interfaces between too many entities. 

The Co-Owners’ proposal strikes the proper balance by breaking the project into its fundamental 
building blocks:  the different suppliers of pollution control systems and the erection work.  
Issuing requests for bids with more developed designs minimizes costs by reducing the 
contingencies that bidders would otherwise need to work into their proposed prices.  The Co-
Owners believe that this approach is the best approach to ensure that the AQCS Project is 
implemented at the lowest reasonable cost. 

To keep interested parties and the Commission apprised of the implementation and costs of the 
AQCS Project, OTP and Montana-Dakota propose to set up a quarterly reporting mechanism 
with the Commission that would identify if there are any changed circumstances that will 
materially affect the cost of the AQCS Project. 

G. Alternatives to Big Stone AQCS Project 

The Co-Owners are proposing to undertake the Big Stone AQCS Project in order to comply with 
the SD Haze SIP and its associated implementing rules in order to continue operating a Plant 
representing a significant baseload resource for each utility.  The SD Haze SIP specifies the 
control technology that represents BART for the Big Stone Plant and establishes emission 
limitations to reflect installation of the BART technology.  The emission limitations reflect the 
emissions expected from installation and proper operation of an AQCS at the Big Stone Plant 
consisting of a semi-dry FGD, SCR/SOFA and baghouse.  Because the BART requirement is a 
direct requirement that has been individually determined for Big Stone, the only alternative to 
installing the AQCS and achieving regulatory compliance is to cease operations at the facility.  
The Co-Owners have considered alternatives to the AQCS Project, including the costs and 
benefits of retirement or repowering of the Plant with natural gas.  The analysis of alternative 
response scenarios is provided in Joint Exhibit 2. 
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II. Joint Exhibit 2 - REASONABLENESS OF BIG STONE AQCS PROJECT 

The South Dakota DENR is the state agency responsible for implementing federal CAA 
requirements to reduce emissions that may contribute to regional haze from emitting facilities 
located in South Dakota, including the Big Stone Plant.  After conducting a thorough analysis of 
pollution control options, the DENR determined that the control technologies in the AQCS 
Project must be required.  As a result, the Big Stone Plant Co-Owners must design, construct, 
install and operate the AQCS by the compliance deadline established by the DENR, or the Plant 
will not be able to continue operation. 

OTP, on behalf of the Co-Owners, has prepared an assessment of alternative scenarios that may 
be available to respond to the anticipated environmental regulations.28  OTP developed four 
response scenarios and evaluated the comparative costs under each scenario using a 20-year 
levelized cost analysis: 

1. Implementing the Big Stone AQCS Project, as Co-Owners have proposed; 

2. Repowering Big Stone boiler with natural gas; 

3. Retiring/Replacing Big Stone with a CCGT Plant; and 

4. Retiring/Replacing Big Stone with a CCGT Plant and purchased wind power. 

As shown in Table 2, the AQCS Project is the most economical scenario under all analyses in the 
Base Case.29  The analysis of these alternative scenarios was carried out for a Base Case, which 
also considered the anticipated environmental costs for mercury control and coal ash disposal, as 
well as the cost of the stranded asset if one of the retirement/replacement options were to be 
implemented.  Table 2 below presents a comparison of the alternative scenarios under the Base 
Case analysis, including an analysis that incorporates the cost to cover the stranded asset costs 
(“Stranded Asset Cost Scenario”), and an analysis that includes an additional $5 million in 
capital cost and $2 million in annual O & M cost for mercury removal and $6.66 million in 
annual O & M cost for handling coal ash if it is characterized as a hazardous waste (“High 
Environmental Cost Scenario”). 

Table 2 – Estimated Levelized Energy Cost (2016$/MWh) 

 
Big Stone + 

AQCS 
CCGT + 

Wind CCGT 
Big Stone with 
Natural Gas 

Combined Levelized Energy 
Cost - (Base Case) 

$74.38 $100.43 $103.38 $117.25 

Total Energy Cost Including $74.38 $104.24 $107.19 $117.25 

                                                 
 
28  Response scenarios that would not be available in the required timeframe, or could not replace the 

characteristics that Big Stone provides were not further analyzed.  The selection of response scenarios that may 
be viable is fully explained in Joint Exhibit 3. 

29  Attachment 9 (Big Stone Pro Forma Economic Analysis) at 5-6. 
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Stranded Asset Cost 
Total Energy Cost Including 
High Environmental Costs 

$78.04 $100.43 $103.38 $117.25 

     
The Base Case analysis comparing installation of the AQCS with various options for repowering 
or retiring and replacing the Plant with natural gas shows that the AQCS is the most cost-
effective option, with the cost of the other options at least $26 per MWh or 35% higher than the 
levelized MWh cost of the proposed AQCS.30  The AQCS remains the most cost-effective option 
under several sensitivity analyses concerning capital cost (+/-30%), fuel cost (+/-20%), and O & 
M cost (+/-20%). 

  

                                                 
 
30  Attachment 9 at 6. 
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III. Joint Exhibit 3 - ASSESSMENT OF FINANCIAL AND OPERATIONAL 
IMPACTS OF PENDING ENVIRONMENTAL REGULATIONS TO THE BIG 
STONE PLANT 

The Co-Owners provide this assessment of the financial and operational impacts of pending 
environmental regulations, including the SD Haze SIP, to the Big Stone Plant.  The assessment 
covers the installation of the pollution controls that comprise the proposed AQCS, as well as 
other regulatory response scenarios that may be reasonable in view of the costs to comply with 
the SD Haze SIP, including the retirement or repowering of the Big Stone Plant with natural gas. 

By installing the AQCS, the Co-Owners customers will continue to receive the benefits of low-
cost, reliable electric power from an existing baseload resource, without the need for 
development of either a greenfield site or new transmission.  In addition, as a baseload resource 
that is frequently used for load following, the Big Stone Plant is a critical resource for a system 
that is becoming more dependent on wind power and other variable resources.  As this 
Assessment shows, the continued operation of the Big Stone Plant with the addition of the AQCS 
is a cost effective means to the meet the future needs of the Co-Owners’ customers when taking 
into the account the costs required to comply with the SD Haze SIP and other pending 
environmental regulations and other viable regulatory response scenarios.  The cost estimates 
and analysis provided in this Assessment were prepared by OTP, on behalf of the Co-Owners 
with assistance from the engineering firms of Sargent & Lundy and Burns & McDonnell. 

A. FINANCIAL AND OPERATIONAL IMPACTS OF PROPOSED AQCS 
PROJECT 

The SD Haze SIP determined that BART for the Plant is comprised of a separated over fired air 
system for the Big Stone Plant boiler to reduce the formation of NOX , an SCR to chemically 
reduce NOX into N2 and H2O, a Semi-Dry FGD for SO2 control, and a baghouse for particulate 
matter control.  The AQCS Project would also include all the ductwork, boiler modifications and 
infrastructure changes needed to support the required equipment.  The AQCS Project is 
necessary to meet the BART requirements of the SD Haze SIP and its implementing regulations.  
Without installation of the AQCS, the Plant will not be able to comply with the emission 
limitations that represent BART, and cannot operate after the deadline for BART compliance has 
passed.31 

1. Financial Impacts of Proposed AQCS Project 

The estimated capital cost for acquisition and installation of the equipment and support systems 
for the AQCS is approximately $489 million (2015 dollars).32  This estimate provides an 
accuracy range of +/- 20% and is the total project cost escalated to its commercial operation date, 
which is expected to be late in 2015.  Montana-Dakota’s North Dakota customers will see an 
approximate 16 percent increase in rates as a result of its share of this total project cost of $78 

                                                 
 
31  See ADP Application, Joint Exhibit 1, Section B, Requirement to Implement the Big Stone AQCS Project. 

32  See Attachment 5 & ADP Application, Joint Exhibit 1, Section E, Cost Estimate. 
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million.  OTP’s North Dakota customers will also see an approximate 16 percent increase in 
rates as a result of its share of this total project cost of $108 million. 

The estimated additional increase in the Plant’s operation cost in 2016, the expected first full 
year of operation, associated with the operation of the AQCS, will be approximately $11 million 
(including escalation from 2010 dollars).33  The additional operating expense will increase the 
cost to produce a MWh of energy by approximately $3.50, or $.0035 per kWh, based on the 
Plant’s net dispatchable energy generation of 3,120,750 MWh.  After the AQCS is installed and 
in operation, the estimated total operating cost for the Plant in 2016 is $27.3 million,34 with 
Montana-Dakota’s North Dakota share being approximately $4.0 million and OTP’s share of 
approximately $6.0 million.  The biggest operational cost increase will be due to the cost of the 
lime and ammonia necessary to operate the SCR and semi-dry FGD and the addition of 
employees at the Plant.35 

Beyond the additional cost to install and operate the AQCS, additional capital and operating 
costs are likely to be required in response to anticipated regulations for control of mercury 
emissions and disposal of coal combustion residual (coal ash).36  The addition of control for 
mercury, which is likely to be required during the same timeframe as the AQCS Project, is 
estimated to result in additional capital cost of approximately $5 million37 and an additional 
operating cost of approximately $2 million per year.38  The estimated cost to comply with 
regulations relating to mercury control will add approximately $0.65 to the cost to produce a 
MWh of energy, or $.00065 per kWh. 

Table 1 contains a summary of the potential anticipated financial impacts of the proposed AQCS, 
mercury emission standard, and the potential cost of coal ash regulation. 

                                                 
 
33  Attachment 6. 

34  Attachment 6. 

35  Attachment 4, Section 6. 

36.  In addition to the requirements for the AQCS, the Assessment of Financial and Operational Impacts of Pending 
Environmental Regulations to the Big Stone Plant considered potential cost of new environmental regulations 
applicable to the Big Stone Plant relating to mercury emission limits and coal ash disposal. 

37  Attachment 5, ACI Estimate. 

38  Attachment 6. 



 

 

-17- 

Table 1 – Anticipated Financial Impacts 

 
Capital Cost (2015$) 

Annual O & M Cost 
(2016$) 

Levelized Cost 
(2016$/MWh) 

Big Stone + AQCS $489 million39 $27.3 million40 $74.3841

Mercury Control and 
Coal Ash Disposal42 $5 million $8.7 million $3.6643

 
 

2. Operational Impacts of Proposed AQCS Project 

Apart from capital and increased operating costs, the installation of the AQCS will not have any 
significant impacts on the capacity or day-to-day operations of the Big Stone Plant, except for 
one longer than typical outage in 2015 to connect the AQCS into the Plant once the AQCS 
systems have been constructed.  However, there are certain challenges that are being addressed 
in the design of the proposed AQCS Project and that have been included in the cost estimates for 
the AQCS. 

First, some modifications need to be made to the boiler to allow for effective operation of the 
SCR.  The SCR provides effective control of NOX emissions, but it operates well only within a 
specified temperature range.44  The boiler temperatures must be maintained so they are neither 
too hot at full load nor too cold at low loads.  To ensure that proper temperatures are maintained, 
the Plant’s boiler will need to be modified.45  The boiler efficiency is expected to improve as a 
result of the modifications, and the hourly boiler heat input will not increase above the current 
permitted levels. 

The design of the AQCS equipment must also allow the Plant to maintain its current ability to 
follow load.  Varying load conditions must be taken into account in the design of the semi-dry 
FGD and SCR.  Currently, the Plant will run in a load following arrangement for much of the 

                                                 
 
39  Attachment 5. 

40  Attachment 6. 

41  Attachment 9 at 6, Table 2. 

42  The addition of mercury control equipment is estimated to cost approximately $5 million, Attachment 5, ACI 
Estimate, and the annual O & M cost for the mercury control equipment is estimated to be $2 million, 
Attachment 6.  The increased costs for disposal of coal ash could be as high as approximately $6.7 million per 
year, based on a $37.50 per ton estimate for disposal, including both capital and operating costs.   Section IV; 
Special Reliability Assessment:  Resource Adequacy Impact of Potential U.S. Environmental Regulations, at 57, 
NERC (October 2010). 

43  Attachment 9 at 5-6. 

44  Attachment 4 at 3-4.  

45  Attachment 4, Section 3.2, describes boiler modifications that are anticipated to be needed as a result of the 
AQCS Project. 
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spring and fall.  For example, on a typical spring day when the demand for electricity is 
relatively low, the Plant is likely to see minimum load at night, but as the electrical load starts 
increasing, the output of the Plant will rise until it reaches full load during the peak load periods, 
and then drop off as the electric load drops off at night, eventually getting back to the minimum 
load for a few hours before repeating the cycle.  The design of the AQCS equipment will assure 
that the ability of the Plant to follow load is not compromised and that the AQCS Project does 
not decrease the range of load at which the unit may efficiently and safely operate.  For example, 
the AQCS Project will be designed to minimize the duct distance between the semi-dry FGD and 
the baghouse to limit the amount of ash depositing in the duct work at low loads.  Other design 
considerations involve ensuring that proper temperatures are maintained and that equipment is 
the appropriate size to operate at both low and full loads.46 

Other operational impacts of the AQCS Project will include the addition of employees to operate 
and maintain the Plant with the additional equipment.47  OTP will provide training on operation 
of the new equipment to the new employees.  Additionally, operation of Big Stone following 
installation of the AQCS will produce a greater volume of ash to be disposed of because the 
addition of the semi-dry FGD will result in ash that is less dense than the ash currently produced 
by the Plant.  OTP has sufficient capacity in its existing disposal site for this ash.48 

B. ALTERNATIVE RESPONSE SCENARIOS 

1. Selection of Alternative Response Scenarios 

 OTP, on behalf of the Co-Owners has focused on the identification of alternative scenarios that 
involve either the retirement and replacement or the repowering of the Big Stone Plant.  In view 
of the specific requirements set out in the SD Haze SIP and its implementing regulations, there is 
only one response scenario that involves the installation of pollution control equipment and that 
scenario is the proposed AQCS Project.  In addition, the use of pollution allowances is not a 
viable compliance approach because there are no pollution trading programs available that can 
substitute for BART compliance and address the underlying regulatory concern for visibility in 
Class I areas.49 

OTP, on behalf of the Co-Owners, assessed the current status of Greenhouse Gas Regulatory 
requirements when considering alternatives.  Congress has considered, but has not adopted, 
legislation which would require a reduction in Greenhouse Gas (GHG) emissions.  However, 

                                                 
 
46  Attachment 4 at 2-5. 

47  Attachment 4 at 6-1. 

48  Id. at 3-22. 

49  Emission trading of SO2 and NOx may have limited potential to be an option for plants located in the Transport 
Rule’s control zone, subject to affected state decisions in their regional haze SIPs, but South Dakota is not a 
state proposed for inclusion under that rule.  Emission trading of SO2 under the Acid Deposition Program is in 
addition to, and does not affect the requirement to comply with other CAA program requirements, such as the 
regional haze program.  42 U.S.C. § 7651b(f) (CAA § 403(f)). 
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there is no legislation under active consideration at this time.  The EPA is proceeding to regulate 
GHGs under a number of provisions of the Clean Air Act beginning with regulation under the 
Prevention of Significant Deterioration (PSD) and the Title V permitting process in January 
2011.  OTP does not anticipate making modifications at Big Stone as part of the AQCS project 
that would trigger PSD requirements, including for GHGs.  Consequently, GHG emissions are 
not projected to trigger the need for a PSD permit as a result of the AQCS Project. 
 
EPA has announced a timeframe for developing New Source Performance Standards (NSPS) for 
GHGs from electric generating units.  EPA plans to propose this NSPS in August 2011, and 
adopt the standard in June 2012.  In general, NSPS become applicable to new sources built after 
the effective date of the regulation, or affect what may be required to be included as an emission 
control at the time an existing source makes a change significant enough to trigger NSPS 
applicability.  To trigger the applicability of NSPS, an existing source must make a modification 
that increases its maximum hourly emissions rate.  The Co-Owners do not anticipate making a 
modification at Big Stone Plant that would trigger NSPS requirements.  The Big Stone AQCS 
Project is not projected to trigger the applicability of the NSPS for GHGs that EPA plans to 
develop. 
 
At the same time EPA develops the NSPS, EPA also plans to issue emission guidelines for 
existing sources under CAA Section 111(d) (111(d) Standard). A 111(d) Standard, unlike the 
NSPS, applies to an existing source. States are given a period of time to develop plans to 
implement a 111(d) Standard, and if a state does not develop such a plan, EPA will prescribe a 
plan for that state.  
 
While the potential impact of a 111(d) standard on Big Stone is not yet known, standards of 
performance for GHGs, especially for existing sources, are anticipated to focus on efficiency 
improvements rather than add-on controls.  The Co-Owners have in the past implemented 
efficiency measures at Big Stone through installation of a more efficient steam turbine at the 
Plant.  The capital cost of efficiency improvements could be offset in whole or in part by reduced 
fuel costs. 
 
To identify potentially viable alternatives for economic evaluation, OTP, on behalf of the Co-
Owners first identified the needs currently served by the Big Stone Plant, as well as the basic 
operating characteristics of the Plant.  The Big Stone Plant is a key baseload asset for its three 
utility Co-Owners, serving the existing load of customers in several states.  The Plant is the 
largest baseload resource for each of the Co-Owners.  Given the critical resource role played by 
the Big Stone Plant, OTP, on behalf of the Co-Owners developed alternatives that were capable 
of reliably:  (1) producing approximately 3 million megawatt-hours of electricity per year; 
(2) serving as a baseload resource, with the ability to follow load and be a dispatchable resource 
with high availability; and (3) being in operation prior to expiration of the deadline for Big Stone 
to comply with the BART requirement.  Analysis performed by the Midwest Independent 
Transmission System Operator (“MISO”) has assumed the presence of a baseload generation 
source at the Big Stone site, and any change in location would require a reevaluation of the 
transmission system. 

Given the significant customer load served by the Big Stone Plant, the Co-Owners identified 
coal, hydropower, nuclear and natural gas as practical potential replacement options that could 
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meet the above criteria.50  Since the proposed AQCS Project includes continuation of coal 
generation at the Plant, another coal option was not considered as an alternative response 
scenario.  Hydropower and new nuclear generation were rejected because expected permitting 
difficulties suggest that these resources could not be available in the timeframe required for 
compliance with the SD Haze SIP and its implementing rules and because the size of these 
alternatives to be economic, would exceed the needs of the Co-Owners.  Based on these 
considerations, it was determined that natural gas was the only viable retirement/replacement or 
repowering option that could potentially replace the current functions of the Big Stone Plant in 
the required timeframe. 

With respect to natural gas, three different scenarios were assessed: 

1) Converting the existing Big Stone boiler to natural gas 
combustion; 

2) Constructing a new gas-fired combined-cycle turbine at the Big 
Stone site, abandoning the existing equipment at the Plant; and 

3) Combining a new gas combined-cycle turbine at the Big Stone site 
with wind generation. 

Due to the timing of the compliance requirement for operation of the AQCS under the SD Haze 
SIP, it is unlikely that any of these three natural gas scenarios could be engineered, designed, 
permitted, procured, and constructed in the same timeframe as the Big Stone AQCS Project.  
Consequently, there would like be a minimum period of one to three additional years between 
the retirement of the current Big Stone Plant and the availability of these new resources, during 
which time OTP, NorthWestern Energy and Montana-Dakota  would be dependent on the market 
or contracted purchases to meet the needs of their customers for the three million MWh per year 
currently provided by Big Stone.  Assessment of the natural gas scenarios are provided below. 

Other repowering scenarios were considered and ultimately rejected as infeasible, including one 
scenario involving repowering the existing generating unit with biomass.  Biomass fuel may be 
capable of co-firing up to 10% of the heat input of the Plant, but this would not remove the 
AQCS Project requirement if coal still comprised 90% of the fuel mix.  Achieving a 10% level of 
biomass as fuel would require drawing on most of the available biomass in a 30 to 50-mile 
radius, with an estimated delivered cost of $8 to $9 per million Btus.  This is approximately four 
times higher than the cost of coal and approximately twice that of natural gas.  The conversion to 
biomass fuel is not a viable response scenario because the AQCS Project would still be required, 
as well as the cost and logistical challenges involved in securing sufficient biomass fuel.51 

                                                 
 
50  Conservation and load management were not considered as a feasible alternative response scenario to replace 

this significant existing baseload facility, as conservation and load management are already assumed to be 
necessary to meet future resource needs. 

51  The most readily available source of biomass in the area is corn stover.  This fuel would likely be delivered in 
large round bales with 20 to 25 bales per semi-load.  At the current firing rate, the Big Stone Plant would need 
to consume close to ten of these large bales every minute due to the low Btu value, high moisture and low 
density of the fuel. Thus, biomass co-firing is not a viable regulatory response scenario. 
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The Co-Owners also rejected as infeasible a scenario involving the construction of a gas-fired 
combustion turbine and a heat-recovery boiler at the Big Stone site, and the use of that steam 
generation to power the existing Plant turbine.  To implement this type of conversion, 
approximately two-thirds of the generation would come from the new gas-fired generation and 
one-third would come from the existing steam turbine.  The existing steam turbine at Big Stone 
produces 475 megawatts.  Using the 1/3 to 2/3 ratio, the generation from the Big Stone Plant 
would be required to increase from 475 megawatts to 1,425 megawatts.  This additional 
generation would overload available transmission, since there are already over 2,000 megawatts 
in the queue at the Big Stone site for additional transmission, and thus could not be available 
before the AQCS Project’s compliance deadline.  In addition, this scenario would generate 
roughly 1,000 megawatts of additional intermediate load generation that is unlikely to fit the 
needs of the current Big Stone Co-Owners.  Due to the time delay, the mismatch of resources 
and the high cost for such a sizeable gas plant, this response scenario was not further evaluated. 

2. Comparative Analysis of the Financial Impacts of Proposed AQCS 
Project and Alternative Regulatory Response Scenarios 

To assess financial impacts, the Co-Owners retained the engineering firm of Burns & McDonnell 
to perform a pro forma economic analysis to calculate the levelized costs of power for the AQCS 
Project and the alternative response scenarios.52 

To simplify the analysis, Burns & McDonnell assumed that all response scenarios would be 
available by January 1, 2016.  This assumption favors the alternative scenarios because the Burns 
& McDonnell analysis does not include any allowance to cover the need to purchase energy from 
the market during the period, very likely to run at least one to three years (2016 to 2018), 
between the retirement of Big Stone and the commercial operation of the natural gas scenarios.53 

To perform its analysis, Burns & McDonnell, as much as possible, used the same modeling 
inputs as provided by OTP in its most recently filed Minnesota Integrated Resource Plan (“IRP”) 
in Minnesota Docket No. E017/RP-10-623.  Courtesy copies were filed with the North Dakota 
Public Service Commission in late June of 2010.  When the necessary inputs for this ADP 
analysis were not available in the IRP filing, Burns & McDonnell’s assumptions were based 
upon either the analyses prepared by Sargent & Lundy for OTP or the recent project experience 
of Burns & McDonnell, including its work on projects involving more than 25 gigawatts of gas-
fired generation in the last ten years.54  Montana-Dakota reviewed the assumptions provided by 
OTP and agrees that the Burns & McDonnell analyses reasonably represent alternatives available 
to Montana-Dakota. 

                                                 
 
52  The Burns & McDonnell analysis is provided in Attachment 9. 

53  OTP has estimated that the likely cost to enter into a Power Purchase Agreement (“PPA”) to meet customer 
needs during the lag period would be between $87 million and $262 million.  This estimate assumed the lowest 
cost option would be a coal PPA. 

54  The  Sargent & Lundy analyses are provided in Attachments 5, 6,  and 8. 
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Burns & McDonnell’s analysis covers a 20-year period of operation (which provides a 
reasonable time period for cost recovery and is within the useful life of the equipment being 
added and the existing plant) and levelizes construction and operation (including fuel) costs into 
a levelized cost per Megawatt Hour (MWh).  In addition to considering a Base Case analysis, 
Burns & McDonnell also calculated energy costs if stranded asset costs were included in the 
repowering and retirement/replacement scenarios and if additional costs for environmental 
controls for mercury and coal ash were included in the AQCS scenario. 

a. Base Case Analysis 

As provided in Joint Exhibit 2, Burns & McDonnell analysis found the AQCS Project the most 
economical scenario by a substantial margin.55  Under the Base Case scenario, the AQCS Project 
is the lowest cost option by 35% over the next lowest cost option, the combined cycle plus wind.  
Adding the stranded asset cost to the combined cycle plus wind option increases this differential 
in the cost of energy between these two options to 40%, while adding the high environmental 
costs to the AQCS reduces the cost differential to 29%.56 

Table 2 below (also presented in Joint Exhibit 2) provides the results of the Burns & McDonnell 
analysis.  The estimated cost for each scenario in the Base Case analysis is provided in the 
horizontal row identified as “Combined Levelized Energy Cost.”  The estimated levelized energy 
costs if stranded asset costs are included for the repowering and retirement/replacement scenarios 
is provided in the horizontal row “Stranded Asset Cost Scenario.”  And, the estimated levelized 
energy costs if additional costs for environmental controls for mercury and coal ash disposal are 
included in the AQCS option is provided in the row marked as “High Environmental Cost 
Scenario.”57 

                                                 
 
55  Attachment 9 at 6-12. 

56  Attachment 9 at 6-7. 

57  Under the High Environmental Cost Scenario, Burns & McDonnell assumed an additional $5 million in capital 
cost and $2 million in O & M cost for mercury emission control and an additional $6.66 million for handling 
coal ash if it is characterized as a special waste under the RCRA hazardous waste rules.  Attachment 9 at 6. 
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Table 2 – Estimated Levelized Energy Cost (2016$/MWh)58 

 
Big Stone + 

AQCS 
CCGT + 

Wind CCGT 
Big Stone with 
Natural Gas 

Combined Levelized Energy 
Cost – (Base Case) 

$74.38 $100.43 $103.38 $117.25 

Total Energy Cost Including 
Stranded Asset Cost 

$74.38 $104.24 $107.19 $117.25 

Total Energy Cost Including 
High Environmental Costs 

$78.04 $100.43 $103.38 $117.25 

     
b. Sensitivity Analyses 

In addition to the Base Case analysis, Burns & McDonnell prepared three sensitivity analyses to 
assess the effects of capital cost variations, fuel cost variations and operational cost variations. 

(1) Capital Cost Sensitivity Analysis 

In this analysis, Burns & McDonnell ran a sensitivity case to consider the effect of a range of 
capital costs (plus or minus 30%).  In all cases, the AQCS Project was the low cost scenario and 
by a substantial margin.  For the low end of the range for capital costs (minus 30%), levelized 
costs of energy for the AQCS Project were estimated to be $66.24 MWh compared to $90.09 
MWh for the next least cost scenario (combined cycle and wind).  For the high end of the range 
for capital costs (plus 30%), the levelized energy cost for the AQCS Project was $82.51 MWh 
compared to $106.63 MWh for the next lowest cost option (combined cycle wind).59 

(2) Fuel Cost Sensitivity Analysis 

In this analysis, Burns & McDonnell ran a sensitivity analysis to determine the impact of 
changes to the fuel costs for each option.  The analysis considered the effect of a range of fuel 
costs (plus or minus 20%).  Over the range of fuel costs evaluated, the AQCS Project was 
preferred in all instances.  For the low end of the range of fuel costs (minus 20%), levelized costs 
of energy for the AQCS Project were estimated to be $66.24 MWh compared to $90.09 MWh for 
the next least cost scenario (combined cycle).  For the high end of the range for capital costs 
(plus 20%), the levelized energy cost for the AQCS Project was $82.51 MWh compared to 
$106.63 MWh for the next lowest cost option (combined cycle wind).60 

(3) O & M Sensitivity Analysis 

A sensitivity analysis was performed to determine the impact of changes in O & M costs (plus or 
minus 20%).  The AQCS Project was the preferred option over the range of costs evaluated.  In 

                                                 
 
58  Attachment 9 at 6, Table 2. 

59  Attachment 9 at 8, Figure 1. 

60  Attachment 9 at 9, Figure 2. 
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all cases, the AQCS Project was the low cost scenario and by a substantial margin.  For the low 
end of the range for O & M costs (minus 20%), levelized costs of energy for the AQCS Project 
were estimated to be $72.21 MWh compared to $99.47 MWh for the next least cost scenario 
(combined cycle and wind).  For the high end of the range for capital costs (plus 20%), the 
levelized energy cost for the AQCS Project was $76.54 MWh compared to $101.38 MWh for the 
next lowest cost option (combined cycle wind).61 

3. Comparative Analysis of the Operational Impacts of Proposed AQCS 
Project and Alternative Regulatory Response Scenarios 

The financial analysis makes a comparison between the Big Stone AQCS Project and other 
regulatory response scenarios based on having response scenarios fully capable of replacing the 
capacity, energy output and dispatchable qualities provided by the Big Stone Plant.  There are, 
however, additional operational differences that are likely to occur between the Big Stone AQCS 
and implementation of any of the natural gas-based regulatory response scenarios. 

a. Operational Issues for All Natural Gas Response Scenarios 

All three natural gas scenarios will impose significantly higher costs per MWh of electricity 
produced than would the AQCS Project.  This in turn means that while the natural gas response 
scenarios are capable of replacing the Big Stone Plant’s capacity and energy output, they are 
likely to be run at significantly lower capacity factors, requiring more frequent access to the 
market for energy purchases.  As a result, significant amounts of power would be purchased at 
prices lower than the natural gas scenarios, but considerably higher than the energy cost of Big 
Stone after installation of the AQCS. 

For example, an energy purchase of $95/MWh in the Base Case analysis would be economical 
compared to the natural gas scenarios, but would be $22/MWh more expensive than power that 
could be produced by Big Stone with the AQCS Project.  To the extent that market price at any 
given time does not support the operation of natural gas plants, this power is likely to be 
produced through other means, including by coal-fired power plants.62  And in situations where 
less power is available on the market, the natural gas scenarios would need to be employed, at 
substantial additional cost to the utilities’ customers. 

The market price/operating cost dynamics that will lower the capacity factors for the natural gas 
response scenarios also reduce their usefulness for load following wind resources.  A high 
capacity factor baseload resource such as the current Big Stone Plant (and the Big Stone Plant 
with AQCS) is running many more hours of the year (for example, 85% of the time compared to 

                                                 
 
61  Attachment 9 at 10, Figure 3. 

62  The AQCS Project will significantly reduce SO2 and NOx emissions from the Plant, while maintaining current 
high control of particulate matter.  In addition, mercury control is planned to target a 90% emission reduction, 
implemented at the same time as the AQCS.  In general, the natural gas options are expected to require 
installation of NOx control, but have little emissions of the other pollutants.  The extent to which natural gas 
scenarios would result in less emissions of these pollutants would depend on what the source is for power 
purchased on the market to fill in for the expected lower capacity factor of the natural gas scenarios. 
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50% or less of the time), allowing its power output to be increased and decreased quickly in a 
load following function without the need for a full start up or shut down of the unit. 

Deploying any of the natural gas scenarios thus includes dramatically increasing the exposure of 
the utilities’ customers to the market price of power and to fluctuations in the price of natural 
gas, while reducing the load following capability of the Plant.  The next sections assess 
operational impacts that are individual to each regulatory response scenario. 

b. Repowering the Big Stone Plant with Natural Gas 

Repowering the Big Stone Plant’s boiler to burn natural gas is the highest cost option in the Base 
Case and among the various sensitivity analyses.  Repowering would be less efficient than a new 
CCGT, which is illustrated by the substantially higher fuel cost in the Base Case ($99.70/MWh), 
compared with the other natural gas response scenarios ($66.44/MWh).  The high operating cost 
of the repowered unit would likely result in limited use of the Plant.63  As a result, the 
repowering scenario would expose customers to both additional market purchases and more 
expensive market purchases than the other natural gas scenarios. 

A repowered unit would take approximately two days to start up and shut down, considerably 
longer than a new CCGT.  High market prices would therefore need to be predicted for a long 
period of time to justify start up of a repowered unit.  In addition, this start up time, combined 
with a limited use profile, would make a repowered unit unable to effectively load follow wind 
energy resources on the utilities’ electric systems. 

c. Retirement and Replacement with Natural Gas Combined Cycle 
Plant 

Replacement of the Big Stone Plant with a new natural gas combined cycle unit at the Big Stone 
site was evaluated in two scenarios:   CCGT and CCGT/Wind Power Purchases.  Both scenarios 
are significantly higher cost in the Base Case, as well as in all sensitivity analyses. 

Operationally, the CCGT scenario would allow a faster start up and shut down time than the 
repowering scenario.  CCGTs would start up or shut down in 3-5 hours, substantially slower than 
a peaking unit such as a Simple Cycle Gas Turbine, which can start up in 10 minutes.64  Due to 
its cost of power per MWh, however, a CCGT would likely have an intermediate, rather than a 
baseload, capacity factor of about 30 to 50%.  This would make it less desirable for load 
following because it would have many more hours during the year when it is not operating at all.  
Load following would therefore require more start ups and shut downs than for a baseload plant, 
increasing the O & M costs for the unit.  When a CCGT unit is running, however, it would be 
capable of increasing or decreasing its output to follow load. 

                                                 
 
63  The repowered unit would be expected to have the highest cost per MWh, despite its relatively lower capital 

cost ($267 million) than the other natural gas response scenarios ($621.29 million), because its lower efficiency 
increases its fuel cost per MWh of power produced.  See Attachment 9 at 6, Table 2. 

64  A Simple Cycle Gas Turbine (“SCGT”) is not a viable alternative response scenario, because it cannot replace 
the Big Stone Plant as a baseload resource.   
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The CCGT and CCGT/Wind Power Purchases scenarios have similar costs per MWh through the 
different sensitivity analyses, with the CCGT slightly more expensive except in the case of a 
drop in the price of natural gas of 10% or more.  The capital cost of the CCGT scenarios, 
$621,289,115 (2016$), is about 27% higher than the capital cost of the Big Stone AQCS Project. 

C. CONCLUSION 

The financial analysis demonstrates that the Big Stone AQCS is the most economic scenario in 
the Base Case, and in the Base Case with an increase for Stranded Asset Costs and for 
anticipated environmental costs (“High Environmental Cost”).  The Base Case analysis 
comparing installation of the AQCS with various options for repowering or retiring and 
replacing the Plant with natural gas shows that the AQCS is the most cost-effective option, with 
the cost of the other options 35% or more higher than the levelized MWh cost of the proposed 
AQCS.  The AQCS remains the most cost-effective option under several sensitivity analyses 
concerning capital cost (+/-30%), fuel cost (+/-20%) and O & M cost (+/-20%). 

Under multiple scenarios that consider potential changes in capital, O & M and fuel costs, the 
Big Stone AQCS remains the least cost option.  This conclusion does not change when 
considering the potential for additional costs that may be imposed by anticipated environmental 
regulation.  Repowering is the highest cost natural gas scenario, with the worst load following 
capability.  Retirement of the Plant and replacement with a CCGT has a significantly higher 
capital cost than the Big Stone AQCS. 

Implementation of any of the natural gas response scenarios instead of the Big Stone AQCS 
would unreasonably expose North Dakota customers to significantly higher costs under a wide 
range of potential future conditions.  In addition, deploying any of the natural gas scenarios 
dramatically increases the exposure of North Dakota customers to the market price of power and 
to fluctuations in the price of natural gas, while reducing the load following capability of the 
Plant. 

The assessment of the financial and operational inputs of the anticipated regulations to the Big 
Stone Plant demonstrates that the proposed AQCS Project is reasonable and prudent. 
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Executive Summary 
 
The Department of Environment and Natural Resources (DENR) worked with the Western 
Regional Air Partnership (WRAP), states that were not members of WRAP, federal land 
managers, the Environmental Protection Agency (EPA), the regulated community, and others to 
develop this document as part of South Dakota’s Regional Haze State Implementation Plan 
(SIP).  This document along with the applicable Administrative Rules of South Dakota (ARSD) 
and the addition of ARSD, Chapter 74:36:21 will be South Dakota’s Regional Haze State 
Implementation Plan and implemented by DENR to ensure South Dakota’s Regional Haze 
Program meets the goal of achieving natural conditions in the Badlands and Wind Cave National 
Parks by 2064 as specified in Title 40 of the Code of Federal Regulations (CFR) §51.308. 
 
Chapter 1 provides background information on the initial federal visibility protection program, 
describes the causes of visibility impairment, and describes the new federal regional haze 
program regulations.  Chapter 2 provides information on South Dakota’s two Class I areas.  The 
two Class I areas are the Badlands National Park and Wind Cave National Park and both are 
located in the western third of South Dakota. 
 
Chapter 3 describes the process DENR followed to determine natural conditions, baseline 
conditions, and the uniform rate of improvement for both Class I areas.  Chapter 4 discusses the 
IMPROVE (Interagency Monitoring of Protected Visual Environments) monitoring data for both 
Class I areas.  This chapter looked at the aerosols that impact both Class I areas, what time of 
year they occur, and if they are increasing or decreasing over time. 
 
Chapter 5 describes South Dakota’s emission inventory for past, present, and future air emission 
inventories in South Dakota, what type of activities are emitting the air emissions, and if the air 
emissions are generated within South Dakota or from neighboring states and countries. Chapter 6 
describes the BART review DENR conducted and establishes the BART requirements for the 
BART-eligible sources in South Dakota. The BART review covers an analysis to determine 
BART-eligible sources, a modeling analysis to determine if the BART-eligible source 
contributes to visibility impairment in a Class I area, and the establishment of BART for those 
BART-eligible sources that reasonably contribute to visibility impairment in any Class I area.  
 
The BART review identified one electrical generating unit subject to the BART requirements.  
Otter Tail Power Company’s Big Stone I facility determined that it reasonably contributes to 
visibility impairment in Class I areas.  DENR determined the control equipment considered 
BART for Big Stone I is the existing baghouse, a semi-dry flue gas desulfurization system, and 
selective catalytic reduction.  The installation of the new control equipment and establishment of 
BART emission limits, compliance demonstration, recordkeeping, and reporting requirements 
will be established in an air quality construction permit and eventually in Otter Tail Power 
Company’s Title V air quality operating permit.  The installation of the new control equipment 
and other requirements will be completed within five years of EPA’s approval of South Dakota’s 
Regional Haze State Implementation Plan.  
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Chapter 7 discusses South Dakota’s goals for demonstrating reasonable progress such as 
outlining existing rules that already help minimize air emissions that cause visibility impairment 
and the modeling WRAP conducted of the western United States to determine if states are 
meeting the reasonable progress goals in 2018.  Sulfur dioxide emissions in South Dakota from 
2002 through 2018 are expected to decline by 36%, nitrogen oxides emissions are expected to 
decline by 18%, organic carbon mass emissions are expected to decline by 6%, and elemental 
carbon emissions are expected to decline by 49%.  Other states will also experience a reduction 
in air emissions that reasonably contribute to visibility impairment in Class I areas.  Overall, 
sulfur dioxide emissions during the same time period are expected to decline by 26%, nitrogen 
oxide emissions are expected to decline by 29%, organic carbon mass are expected to decline by 
6%, and elemental carbon emissions are expected to decline by 31%.  These reductions are 
expected to demonstrate reasonable progress is being made to improve visibility at all Class I 
areas.   
 
Chapter 8 describes South Dakota’s long-term goals in achieving natural conditions by 2064.  It 
also outlines DENR’s proposed rules (ARSD, Chapter 74:36:21) to ensure new sources and 
modifications to existing sources will not reasonably contribute to visibility impairment at any 
Class I area.  In addition, DENR will review, develop, and implement a Smoke Management 
Plan to address wildfires and prescribed fires.   
 
Chapter 9 discusses DENR’s monitoring plan for tracking our progress in achieving natural 
conditions by 2064.  Chapter 10 describes the consultation DENR went through with federal land 
managers, states, and the public, how DENR responded to each comment, and their future 
involvement.   
 
Chapter 11 describes the reviews and reporting DENR will perform to track South Dakota’s 
progress in attaining natural conditions by 2064. 
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b)  Regional Coarse Particulate Matter Contributions at Wind Cave              

 
(WRAP TSS – http://vista.cira.colostate.edu/tss/) 
 
6.0 Best Available Retrofit Technology (BART) 
 
6.1 Bart-Eligible Sources 
 
In accordance with 40 CFR § 51.308(e), South Dakota’s State Implementation Plan is required to 
contain emission limitations representing BART and schedules for compliance with BART for 
each BART-eligible source that may reasonably be anticipated to cause or contribute to any 
impairment of visibility in any mandatory Class I area.  A BART-eligible source is an existing 
stationary facility that is any of the following stationary sources of air pollutant that was not in 
operation prior to August 7, 1962, was in existence on August 7, 1977, and has the potential to 
emit 250 tons per year or more of any air pollutant.  Fugitive emissions must be included in the 
potential to emit, to the extent quantifiable.  
 

1. Fossil-fuel fired steam electric plants of more than 250 million British thermal units per 
hour heat input, 

2. Coal cleaning plants (thermal dryers), 
3. Kraft pulp mills, 
4. Portland cement plants, 
5. Primary zinc smelters, 
6. Iron and steel mill plants, 
7. Primary aluminum ore reduction plants, 
8. Primary copper smelters, 
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9. Municipal incinerators capable of charging more than 250 tons of refuse per day, 
10. Hydrofluoric, sulfuric, and nitric acid plants, 
11. Petroleum refineries, 
12. Lime plants, 
13. Phosphate rock processing plants, 
14. Coke oven batteries, 
15. Sulfur recovery plants, 
16. Carbon black plants (furnace process), 
17. Primary lead smelters, 
18. Fuel conversion plants, 
19. Sintering plants, 
20. Secondary metal production facilities, 
21. Chemical process plants, 
22. Fossil-fuel boilers of more than 250 million British thermal units per hour heat input, 
23. Petroleum storage and transfer facilities with a capacity exceeding 300,000 barrels, 
24. Taconite ore processing facilities, 
25. Glass fiber processing plants, and 
26. Charcoal production facilities. 

 
In February 2004, DENR followed the procedures in 40 CFR Part 51, Appendix Y in identifying 
emission units at stationary facilities in South Dakota meeting the above categories, identifying 
the startup date of the emission units, comparing the potential emissions to the 250 tons per year 
cutoff, and identifying the emissions units and pollutants that constitute the BART-eligible 
sources.  The following terms are defined below: 
 

1. “In Operation” means engaged in activity related to the primary design function of the 
source. The date the unit is permitted is not important to meet this test because the focus 
is on actual operation of the unit;  

2. “In Existence” means that the owner or operator has obtained all necessary 
preconstruction approvals or permits required by federal, state, or local air pollution 
emissions and air quality laws or regulations and either has (1) begun, or caused to begin, 
a continuous program of physical on-site construction of the facility or (2) entered into 
binding agreements or contractual obligations, which cannot be canceled or modified 
without substantial loss to the owner or operator, to undertake a program of construction 
of the facility to be completed in a reasonable time;  

3. “Date of Reconstruction” must occur during the August 7, 1962 to August 7, 1977 time 
period; and 

4. “Potential to Emit” means the maximum capacity of a stationary source to emit a 
pollutant under its physical and operational design. Any physical or operational limitation 
on the capacity of the source to emit a pollutant including air pollution control equipment 
and restrictions on hours of operation or on the type or amount of material combusted, 
stored, or processed, shall be treated as part of its design if the limitation or the effect it 
would have on emissions is federally enforceable. Secondary emissions do not count in 
determining the potential to emit of a stationary source. However, fugitive emissions, to 
the extent quantifiable, must be counted for the 26 categories. 
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In accordance with 40 CFR § 51.308(e)(1)(i), Table 6-1 provides a list of existing stationary 
facilities from the February 2004 analysis that may be considered a BART-eligible source and 
need further investigation to determine if they are subject to BART.   
 
Table 6-1– List of BART-Eligible Sources 1 

  Maximum Potential to Emit BART 
Unit Date Capacity TSP SO2 NOx VOC Eligible 

Northern States Power Company – Sioux Falls 
#1 – Babcock boiler 1969 330 MMBtus/hr 7 1 795 2 Yes 
#2 – Babcock boiler 1969 330 MMBtus/hr 7 1 795 2 Yes 
#3 – Babcock boiler 1969 330 MMBtus/hr 7 1 795 2 Yes 

Total = 990 MMBtus/hr 21 3 2,385 6 Yes 
Pete Lien and Sons, Inc. – Rapid City 
#6 – Vertical kiln 1966 - 561 0 13 1 Yes 
#7 – Pebble lime crusher 1970 - 1 0 0 0 Yes 
#8 – Large hydrator 1965 - 97 0 0 0 Yes 
#12 – Lime bagging 1963 - 48 0 0 0 Yes 

Total =  707 0 13 1 Yes 
Otter Tail Power Company – Big Stone I Power Plant 
#1 – Babcock boiler 1975 5,609 MMBtus/hr 300 19,863 17,179 125 Yes 

1 – “TSP” means total suspended particulate, “SO2” means sulfur dioxide, “NOx” means nitrogen 
oxide, and “VOCs” means volatile organic compounds. 

 
In accordance with 40 CFR Part 51, Appendix Y, the next step is to identify those BART-eligible 
sources that may “emit any pollutant which may reasonably be anticipated to cause or contribute 
to any impairment of visibility.”  For each source subject to BART, DENR is required to identify 
the best system of continuous emission control technology for each source after considering the 
following as specified in section 169A(g)(2) of the federal CAA: 
 

1. Cost of compliance; 
2. The energy and non-air quality environmental impacts of compliance; 
3. Any existing pollution control technology in use at the source; 
4. The remaining useful life of the source; and 
5. The degree of visibility improvement which may reasonably be anticipated from the use 

of BART. 
 
The results of the BART review are required to be submitted in the Regional Haze State 
Implementation Plan identifying the BART emission limitations and timeline for demonstrating 
compliance.  The timeline for demonstrating compliance shall not exceed five years after EPA 
approves the Regional Haze State Implementation Plan.  DENR may establish design, 
equipment, work practice or other operational standards when limitations on measurement 
technologies make emission standards infeasible. 
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6.1.1 Northern States Power Company – Sioux Falls 
 
The three units at Northern States Power Company in Sioux Falls, South Dakota is considered 
fossil-fuel fired steam electric plant.  The units were built in 1969 and have a maximum capacity 
greater than 250 million Btus per hour per unit.  However, Northern States Power Company 
decommissioned these three units and they are no longer permitted to operate in Northern States 
Power Company’s Title V air quality permit. Therefore, these three units at Northern States 
Power Company’s Sioux Falls site are not subject to BART. 
 
6.1.2 Pete Lien and Sons, Inc. – Rapid City 
 
Pete Lien and Sons operates a limestone quarry operation and lime plant in northwest Rapid 
City.  There are four operations that were identified in the February 2004 analysis, not in 
operation prior to August 7, 1962, and in existence on August 7, 1977.  The four operations are a 
1966 vertical kiln, 1970 pebble lime crusher, 1965 large hydrator, and 1963 lime bagging 
operation.  Only the 1966 vertical kiln has the potential to emit over the 250 tons per year 
threshold.   
 
As identified in Pete Lien and Sons’ existing Title V air quality permit issued November 12, 
2008, the 1970 pebble lime crusher was replaced with a 1982 pebble lime crusher and the 1963 
bagging operation was replaced with a 2004 lime bagging operation.  Therefore, these two units 
will not be evaluated further. 
 
Pete Lien and Sons falls under the “lime plant” category listed above.  DENR researched the 
definition of “lime plant” to determine if the large hydrator is included in the definition of a lime 
plant.  DENR determined that typically the definition for the 26 categories coincides with the 
definitions under the New Source Performance Standards.  Under 40 CFR Part 60, Subpart HH, a 
lime manufacturing plant means, “…any plant which used a rotary lime kiln to produce lime 
product from limestone by calcinations.”  Based on this definition of a lime plant, Pete Lien and 
Sons would not be considered a lime plant because the kiln in question is a vertical kiln and not a 
rotary kiln.  In addition, only the kiln would be considered a “lime plant”.   
 
DENR assumed the vertical kiln was considered a lime plant and on April 21, 2006, DENR 
requested that WRAP model Pete Lien and Sons emissions to determine if they would cause or 
contribute to any impairment of visibility in a Class I area.  WRAP initiated this process by 
running CALMET/CALPUFF modeling using WRAP’s “CALMET/CALPUFF Protocol for 
BART Exemption Screening Analysis for Class I Areas in the Western United States,” August 15, 
2006.  The basic assumptions in the protocol are: 
 

1. Use of three years of modeling consisting of calendar year 2001, 2002 and 2003; 
2. Visibility impacts due to emissions of sulfur dioxide, nitrogen oxide and primary 

particulate matter emissions were calculated.  Unless a state provided speciated 
particulate matter emissions, all PM emissions were modeled as PM2.5.  In this case all 
PM emissions were modeled as PM2.5; 
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3. Visibility was calculated using the original IMPROVE equation and annual average 
natural conditions; and 

4. CALPUFF version 6.112 was used in the analysis. 
 

The CALPUFF modeling procedures are outlined in WRAP’s BART Modeling Protocol, which 
can be reviewed at the following website: 
 

http://pah.cert.ucr.edu/aqm/308/bart/WRAP_RMC_BART_Protocol_Aug15_2006.pdf. 
 
Table 6-2 provides a summary of the modeling outputs based on annual sulfur dioxide and 
nitrogen oxide emissions of 0.4 and 277 tons per year, respectively.    
 
Table 6-2– WRAP’s Modeling Results for Pete Lien and Sons 1 

 
 

Minimum
Max 
Delta 99th Days Annual 98th percentile 

Class I Area State Distance (dv) (dv) >0.5 2001 2002 2003 
Badlands SD 73 km 0.267 0.140 0 0.120 0.160 0.105 
Boundary Waters MN 946 km 0.014 0.007 0 0.005 0.003 0.003 
Bridger  WY 489 km 0.021 0.003 0 0.001 0.002 0.001 
Fitzpatrick  WY 501 km 0.018 0.002 0 0.001 0.001 0.001 
Grand Teton WY 570 km 0.005 0.001 0 0.000 0.000 0.000 
Lostwood ND 509 km 0.040 0.009 0 0.006 0.005 0.007 
Medicine Lake MT 488 km 0.030 0.011 0 0.006 0.005 0.010 
North Absaroka WY 487 km 0.008 0.002 0 0.001 0.001 0.001 
Teton WY 513 km 0.009 0.001 0 0.001 0.001 0.000 
Theodore Roosevelt ND 311 km 0.049 0.023 0 0.014 0.016 0.015 
Ul Bend MT 516 km 0.024 0.006 0 0.005 0.003 0.005 
Voyageurs MN 921 km 0.012 0.006 0 0.004 0.002 0.003 
Washakie WY 461 km 0.019 0.003 0 0.001 0.002 0.001 
Wind Cave SD 52 km 0.366 0.203 0 0.128 0.137 0.139 
Yellowstone WY 524 km 0.008 0.002 0 0.001 0.001 0.001 

1 - “dv” means deciview and “km” means kilometers. 
 
The modeling conducted by WRAP demonstrated that Pete Lien and Sons did not cause or 
contribute to visibility impairment at a Class I area.  After reviewing the modeling inputs, DENR 
determined the vertical kiln should be modeled again because of errors in the UTM coordinates 
and emission rates.  However, before the modeling could be re-run, the vertical kiln was 
shutdown and dismantled in 2009.   
 
Although Pete Lien and Sons’ existing Title V air quality permit still identifies the vertical kiln 
as a unit, permit condition 1.1 specifies in the footnote of Table 1-1 that Pete Lien and Sons is 
required to shutdown and dismantle the vertical kiln before the initial startup of Unit #45.  Pete 
Lien and Sons fulfilled this commitment by notifying DENR on March 13, 2009, that the vertical 
kiln was shutdown and dismantled.  Therefore, Pete Lien and Sons’ shutdown and dismantled the 
unit subject to BART and DENR did not re-model the vertical kiln. 
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6.1.3 Otter Tail Power Company – Big Stone I 
 
Unit #1 at the Big Stone I Power Plant was built in 1975, has a maximum capacity greater than 
250 million Btus per hour, and has the potential to emit greater than 250 tons per year of any air 
pollutant.  The next step in this analysis is to determine if Unit #1’s emissions may reasonably be 
anticipated to cause or contribute to any impairment of visibility in a Class I area.  On April 21, 
2006, DENR requested that WRAP model Unit #1’s emissions from Otter Tail Power 
Company’s Big Stone I Power Plant.   
 
WRAP initiated this process by running CALMET/CALPUFF modeling using WRAP’s 
“CALMET/CALPUFF Protocol for BART Exemption Screening Analysis for Class I Areas in 
the Western United States,” August 15, 2006.  The basic assumptions in the protocol are: 
 

1. Use of three years of modeling of 2001, 2002 and 2003; 
2. The sulfur dioxide, nitrogen oxide and particulate emission rates represent the 24-hour 

average actual emission rate from the highest emitting day of the meteorological period 
modeled, not including periods of startup, shutdown, or malfunctions; 

3. Visibility impacts due to emissions of sulfur dioxide, nitrogen oxide and primary 
particulate matter emissions were calculated.  Unless a state provided speciated 
particulate matter emissions, all PM emissions were modeled as PM2.5; 

4. Visibility was calculated using the original IMPROVE equation and annual average 
natural conditions; and 

5. CALPUFF version 6.112 was used in the analysis. 
 

The CALPUFF modeling procedures are outlined in WRAP’s BART Modeling Protocol and can 
be reviewed at the following website: 
 

http://pah.cert.ucr.edu/aqm/308/bart/WRAP_RMC_BART_Protocol_Aug15_2006.pdf. 
 
Table 6-3 provides a summary of the modeling outputs based on annual sulfur dioxide and 
nitrogen oxide emissions of 12,409 and 15,580 tons per year, respectively.  The annual sulfur 
dioxide and nitrogen oxide emissions were derived from WRAP’s BART protocol identified 
above.   
 
Table 6-3– WRAP’s Modeling Results for Otter Tail Power Company Big Stone I 1 

 
 

Min 
Max 
Delta 99th Days Annual 98th percentile 

Class I Area State Distance (dv) (dv) >0.5 2001 2002 2003 
Badlands SD 470 km 3.047 1.076 21 0.364 0.417 0.683 
Boundary Waters MN 431 km 1.653 1.133 63 0.951 0.659 1.034 
Bridger  WY 1,041 km 0.147 0.003 0 0.001 0.001 0.000 
Fitzpatrick  WY 1,050 km 0.079 0.005 0 0.001 0.001 0.000 
Grand Teton WY 1,112 km 0.029 0.003 0 0.001 0.001 0.000 
Lostwood ND 585 km 0.779 0.370 7 0.263 0.175 0.204 
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Min 
Max 
Delta 99th Days Annual 98th percentile 

Class I Area State Distance (dv) (dv) >0.5 2001 2002 2003 
Medicine Lake MT 690 km 0.678 0.345 7 0.256 0.211 0.218 
North Absaroka WY 1,013 km 0.121 0.026 0 0.011 0.008 0.001 
Teton WY 1,052 km 0.049 0.008 0 0.004 0.002 0.001 
Theodore Roosevelt ND 555 km 2.061 0.840 27 0.581 0.443 0.687 
Ul Bend MT 902 km 0.840 0.196 3 0.089 0.065 0.043 
Voyageurs MN 438 km 1.658 0.915 52 0.666 0.703 0.729 
Washakie WY 1,006 km 0.090 0.018 0 0.007 0.005 0.001 
Wind Cave SD 572 km 1.545 0.631 13 0.224 0.263 0.261 
Yellowstone WY 1,049 km 0.068 0.018 0 0.009 0.004 0.001 

1 - “dv” means deciview and “km” means kilometers. 
 
WRAP had determined that Big Stone I would be reasonably anticipated to contribute to an 
impairment of visibility at the Badlands National Park in South Dakota, Theodore Roosevelt 
National Park in North Dakota, and Boundary Waters Wilderness and Voyageurs National Park 
in Minnesota.   
 
6.2 Otter Tail Power Company’s Modeling Results 
 
Otter Tail Power Company was notified of the results and requested an opportunity to verify the 
results after identifying several errors in actual emission rates and stack parameters.  The 
department allowed Otter Tail Power Company to re-run the models using the correct emission 
rates and stack parameters.  On March 19, 2008, Otter Tail Power Company submitted an 
individual source analysis using CALMET/CALPUFF; but after review by the state, EPA, and 
federal land managers (U.S. Fish and Wildlife Service, U.S. Forest Service and National Park 
Service) it was determined that a BART modeling protocol should be submitted and approved by 
all parties, Otter Tail Power Company would run the model using the approved protocol, and 
submit before Otter Tail Power Company’s results could be approved. 
 
Otter Tail Power Company submitted the BART modeling protocol on January 16, 2009.  After 
several conference calls and discussions, a revised protocol identified as June 2009, was 
submitted July 1, 2009.  After several submittals and conference calls, Otter Tail Power 
Company committed to make the following changes to the protocol in an email dated August 31, 
2009: 
 

1. Although Otter Tail Power Company attached the CALMET switches it would use, it 
committed to using the CALMET switches recommended and approved by EPA and 
Federal Land Managers (FLMs) dated August 20, 2009.  However, to ensure the most up-
to-date CALMET switches are used, DENR is requiring Otter Tail Power Company to 
use the CALMET switches identified in EPA’s memorandum dated August 31, 2009, 
from Tyler J Fox, Group Leader, Air Quality Modeling Group, to EPA Regional 
Modeling Contacts.  The date on the listing of CALMET switches is August 28, 2009.  
The memorandum may be viewed in Attachment C. 
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2. Otter Tail Power Company committed to use the CALPUFF switches that Penny 
Shamblin, with Hunton and Williams, submitted to DENR by email on August 19, 2009.  
Although the document contains CALMET switches, only the CALPUFF switches (see 
Attachment D) in this email will be used by Otter Tail Power Company in the BART 
analysis.  The CALMET switches mentioned above will be the ones used in the analysis.   

3. Otter Tail Power Company proposes to revise the June 2009 modeling protocol by using 
a 12 kilometer MM5 grid and a 4 kilometer CALMET grid rather than the 4 kilometer 
MM5 grid and 4 kilometer CALMET grid identified in the June 2009 modeling protocol.  
DENR reviewed other acceptable modeling protocols and is acceptable to this change. 

4. Although Otter Tail Power Company may run POSTUTIL option MNITRATE=2 for its 
own purposes, the modeling results DENR will accept for the BART analysis will be 
MNITRATE=1. 

 
The CALPUFF switches Otter Tail Power Company is recommending contains five switches that 
are different then those recommended by EPA as defaults.  The following identifies the variable, 
EPA’s default, recommended default by Otter Tail Power Company, and DENR’s response: 
 

1. “NSPEC” – Identifies the number of species modeled.  The EPA default is 5 and Otter 
Tail Power Company is proposing 11, which follows the FLM guidance on particle 
speciation and size.  DENR is agreeable to this change. 

2. “NSE” – Number of species emitted.  The EPA default is 3 and Otter Tail Power 
Company is proposing 9. 

3. “MSPLIT” – Allows puffing.  The EPA default is 0 (No) and Otter Tail Power 
Company is proposing 1 (Yes).  Puff splitting in necessary due to the distance from Big 
Stone I to a federal Class I area.  DENR is agreeable to this change. 

4. “MESHDN” – Grid receptor spacing.  The EPA default is 1; however, Otter Tail Power 
Company is stating this is “Not Applicable”.  DENR is agreeable to this change. 

5. “BCKNH3” – Ammonia background.  The EPA default is 10 parts per billion and Otter 
Tail Power Company is recommending 1 part per billion.  During the June 3, 2009, 
conference call, EPA stated it was okay with this change.  DENR is agreeable to this 
change. 

 
On September 18, 2009, the department determined that Otter Tail Power Company’s BART 
modeling protocol as identified above.  See Appendix A for the approval letter and the BART 
modeling protocol dated June 2009.   
 
The modeling results identified that Otter Tail Power Company’s Big Stone I Power Plant would 
be reasonably anticipated to contribute to an impairment of visibility at the Boundary Waters and 
Voyageurs federal Class I areas in northern Minnesota and the Isle Royale federal Class I area in 
Michigan.  The reasonably anticipated to contribute to an impairment is based on visibility 
impacts greater than 0.5 deciview based on the 98th percentile at the three federal Class I areas.  
See Appendix B for the modeling report dated October 2009, and Table 6-4 for a summary of the 
modeling results. 
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Table 6-4– Otter Tail Power Company’s Modeling Results for Big Stone I 1 
  Min Max Delta 99th 98th 

Class I Area State Distance (dv) (dv) (dv) 
Badlands SD 470 km 2.202 0.698 0.481 (0.5) 
Boundary Waters MN 431 km 3.574 1.351 1.079 (1.1) 
Lostwood ND 585 km 1.110 0.722 0.409 (0.4) 
Theodore Roosevelt ND 555 km 2.232 0.772 0.459 (0.5) 
Voyageurs MN 438 km 2.162 1.376 0.724 (0.7) 
Wind Cave SD 572 km 1.671 0.591 0.325 (0.3) 
Isle Royale MI 1,049 km 1.806 0.789 0.665 (0.7) 

1 - “dv” means deciview and “km” means kilometers. 
 
Otter Tail Power Company results did not match up entirely with the modeling conducted by 
WRAP.  In particular, Otter Tail Power Company’s modeling also showed that Big Stone I 
would reasonably contribute to impairment at the Isle Royale National Park in Michigan.  DENR 
believes Otter Tail Power Company’s modeling best represent the visibility impacts from Big 
Stone I since the original modeling did not have the correct emission rates and stack parameters 
and the CALPUFF modeling conducted by Otter Tail Power Company included puff splitting, 
which helps improve the accuracy of the model when used for great distances.   
 
In accordance with the 40 CFR Part 51, Appendix Y, DENR used a contribution threshold of 0.5 
deciviews for determining if Otter Tail Power Company’s Big Stone I facility is subject to 
BART.  The guideline provides the state the discretion to set a threshold below 0.5 deciviews if 
“the location of a large number of BART-eligible sources within the state and proximately to a 
Class I area justifies this approach.  The discretion was based on the following factors: 
 

1. It equates to the 5 percent extinction threshold for new sources under the PSD New 
Source Review rules; 

2. It is consistent with the threshold selected by other states in the west, which all selected 
0.5 deciviews; and  

3. It represents the limit of perceptible change. 
 
DENR chose the 0.5 deciview threshold because there is only one source that is BART-eligible 
and it is greater than 300 kilometers from any Class I area.  Therefore, DENR will establish this 
threshold in its proposed ARSD Chapter 74:36:21 – Regional Haze Program. Otter Tail Power 
Company’s Big Stone I power plant exceeded this threshold and is subject to BART. In 
accordance with 40 CFR § 51.308(e)(1)(i), the only source subject to BART in South Dakota is 
Otter Tail Power Company’s Big Stone I facility. 
 
In accordance with 40 CFR § 51.308(e)(1)(ii), DENR requested that Otter Tail Power Company 
complete a Case-by-Case BART analysis, which includes determining the visibility 
improvements expected at each of these Class I areas (see Appendix C). 
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6.3 Otter Tail Power Company’s Case-by-Case BART Analysis 
 
In accordance with 40 CFR 51.301, Best Available Retrofit Technology (BART) is defined as 
“an emission limitation based on the degree of reduction achievable through the application of 
the best system of continuous emission reduction for each pollutant which is emitted by an 
existing stationary facility. The emission limitation must be established, on a case-by-case basis, 
taking into consideration the technology available, the costs of compliance, the energy and 
nonair quality environmental impacts of compliance, any pollution control equipment in use or 
in existence at the source, the remaining useful life of the source, and the degree of improvement 
in visibility which may reasonably be anticipated to result from the use of such technology.” 
 
In accordance with 40 CFR § 51.308(e)(1)(ii)(B), the determination of BART for fossil fuel fired 
power plants having a total generating capacity greater than 750 megawatts must be made 
pursuant to the guidelines in Appendix Y of this part (Guidelines for BART Determinations 
under the Regional Haze Rule).  Appendix Y identifies a five step process in determining BART.  
The five steps are as follows: 
 

1. STEP 1—Identify All Available Retrofit Control Technologies:  In identifying ‘‘all’’ 
options, one should identify the most stringent option and a reasonable set of options for 
analysis that reflects a comprehensive list of available technologies. It is not necessary to 
list all permutations of available control levels that exist for a given technology.  The list 
is complete if it includes the maximum level of control each technology is capable of 
achieving.  Where a New Source Performance Standard (NSPS), under 40 CFR Part 60, 
exists for a source category, one should include a level of control equivalent to the NSPS 
as one of the control options; 

2. STEP 2—Eliminate Technically Infeasible Options:  One evaluates the technical 
feasibility of the control options identified in Step 1. One should document a 
demonstration of technical infeasibility and should explain, based on physical, chemical, 
or engineering principles, why technical difficulties would preclude the successful use of 
the control option on the emissions unit under review.  One may then eliminate such 
technically infeasible control options from further consideration in the BART analysis;  

3. STEP 3—Evaluate Control Effectiveness of Remaining Control Technologies: One 
evaluates the control effectiveness of all the technically feasible control alternatives 
identified in Step 2 for the pollutant and emissions unit under review. Two key issues in 
this process include: (1) Make sure that you express the degree of control using a metric 
that ensures an ‘‘apples to apples’’ comparison of emissions performance levels among 
options; and (2) Give appropriate treatment and consideration of control techniques that 
can operate over a wide range of emission performance levels; 

4. STEP 4—Evaluate Impacts and Document the Results:  Once the available and 
technically feasible control technology options are identified, one should conduct the 
following analyses when you make a BART determination:  (1) Impact analysis part 1 – 
costs of compliance; (2) Impact analysis part 2 – energy impacts, (3) Impact analysis part 
3 – non-air quality environmental impacts; and (4) Impact analysis part 4 – remaining 
useful life; and  
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5. STEP 5—Evaluate Visibility Impacts:  One should evaluate the net visibility 
improvement form the available and technically feasible control technology options.  
This is accomplished by modeling the pre-control and post-control emission rates 
according to an accepted methodology.   

 
In determining what is considered BART, Appendix Y identifies that the state should develop a 
chart (or charts) displaying each of the alternatives and include: (1) Expected emission rate (e.g., 
tons per year, pounds per hour); (2) Emissions performance level (e.g., percent pollutant 
removed, emissions per unit product, pounds per million Btus, parts per million); (3) Expected 
emissions reductions (e.g., tons per year); (4) Costs of compliance (e.g., total annualized costs in 
dollars, cost effectiveness (dollar per ton), incremental cost effectiveness (dollar per ton), any 
other cost-effectiveness measures (dollar per deciview)); (5) Energy impacts; (6) Non-air quality 
environmental impacts; and (7) Modeled visibility impacts.  
 
Otter Tail Power Company’s Big Stone I facility does not have a total generating capacity 
greater than 750 megawatts. Therefore, DENR is not required to follow these guidelines.  As 
such, DENR will follow the steps identified in Appendix Y with some slight differences.  For 
example, in identifying the available control technologies, DENR is not listing any of the 
permutations of the control levels for each identified control technology as suggested by EPA’s 
guidance.  DENR will use the initial step to identify control technologies without including the 
control levels.   Step 3 is used to evaluate the control effectiveness or permutations of the control 
levels for those control technologies that are considered feasible to install or maintain as 
identified in Step 2.   
 
6.3.1 Particulate BART Review 
 
6.3.1.1 Particulate Control Technologies 
 
Step 1 requires the identification of all available retrofit control technologies.  The particulate 
matter emissions from fossil-fuel fired units can be categorized as either filterable or 
condensable particulate. The filterable particulate matter exists as a solid or liquid particle in the 
exhaust of a boiler as it leaves the stack. As such, the filterable particulate may be collected by 
placing a control device in the flue gas stream prior to the stack. Condensable particulates are 
emitted out the stack in a gaseous state but rapidly condense into particles when released into the 
atmosphere and cooled. Therefore, condensable particulates may not be readily collected by 
placing a control device in the stack.   
 
Those control technologies being reviewed under Step 1 are those that would control the 
filterable particulate matter.  Otter Tail Power Company identified the following control options 
for particulate matter.   
 

1. Existing fabric filter (baghouse); 
2. New fabric filter (baghouse); 
3. Compact hybrid particulate collector; and 
4. Electrostatic precipitator. 
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DENR also identified two more control technologies that may be used to control particulate 
emissions and are listed below: 
 

1. Wet scrubber; and  
2. Cyclone(s)/Multicyclone(s).  

 
6.3.1.2 Technically Feasible Particulate Control Technologies 
 
Step 2 requires the elimination of any control technologies identified in Step 1 that are 
technically infeasible.  A compact hybrid particulate collector is a combination of an electrostatic 
precipitator and a baghouse in series.  The compact hybrid particulate collector is generally 
operated with a higher air-to-cloth ratio than a typical baghouse.  Since Otter Tail Power 
Company already has a baghouse installed at Big Stone I, Otter Tail did not further consider the 
compact hybrid particulate collector.   
 
Even though Otter Tail Power Company identified a reason for not selecting the compact hybrid 
particulate collector, the reasoning does not identify that the technology is infeasible to install.  
Since both an electrostatic precipitator and a baghouse are both technically feasible options and 
without further evidence, DENR considers the compact hybrid particulate collector as a feasible 
control technology.   
 
DENR determined that the following particulate control technologies were feasible for Otter Tail 
Power Company: 
 

1. Existing fabric filter (baghouse); 
2. New fabric filter (baghouse); 
3. Compact hybrid particulate collector; 
4. Electrostatic precipitator;  
5. Wet scrubber; and  
6. Cyclone(s)/Multicyclone(s).  

 
6.3.1.3 Particulate Control Effectiveness 
 
Step 3 requires the evaluation of control effectiveness for each control technology.  DENR 
evaluated the control effectiveness by comparing the effectiveness in Table 6.5. 
 
Table 6-5 – Comparison of Control Effectiveness for Particulate Controls 

  Emission Rate Control Efficiency 
  Otter Tail  1 RBLC 3 PFDR 4 IEA 5 

Rank Control (lbs/MMBtus) 2 (lbs/MMBtus) 2 (%) (%) 
#1 Baghouse 0.015 0.010 to 0.03  95 to 99.9 >99 to >99.9999 
#2 Electrostatic 

Precipitator 
0.015 0.015 to 0.03  80 to 99.5 >99 to >99.99 

 
#3 COHPAC 6 Not Provided 0.015 Not Identified Not Identified 
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  Emission Rate Control Efficiency 
  Otter Tail  1 RBLC 3 PFDR 4 IEA 5 

Rank Control (lbs/MMBtus) 2 (lbs/MMBtus) 2 (%) (%) 
#4 Wet 

Scrubber(s) 
Not Provided Not Identified 75 to 99 90 to 99.9 

#5 Cyclone(s)/ 
Multicyclone(s) 

Not Provided Not Identified 50 to 95 75 – 99 

1 – The identified emission rates were identified in Otter Tail Power Company’s BART analysis;    
2 – “lbs/MMBtus” means pounds per million British thermal units; 
3 – The identified emission rates were obtained from EPA’s Reasonable Achievable Control 
Technology, Best Available Control Technology, and Lowest Achievable Emission Rate 
Clearinghouse (RBLC) considering data for permits issued after calendar year 2000; 
4 – The control efficiencies, in percent removal, are derived from page 473 of “Particulates and Fine 
Dust Removal Process and Equipment by Marshal Sittig”; 
5 – The control efficiencies, in percent removal, are derived from the IEA Clean Coal Centre’s 
Webpage at http://www.iea-coal.org.uk/site/ieacoal/home; and 
6 – “COHPAC” means Compact Hybrid Particulate Collector. 

 
6.3.1.4 Particulate Control Technology Impacts 
 
In Step 4, DENR looked at impacts associated with the control alternatives such as cost of 
compliance, energy impacts, non-air quality environmental impacts, and the remaining useful life 
of the project.  These impacts are intended to provide rational in choosing between the 
alternative control options when determining what is considered BART.  Otter Tail Power 
Company already has installed and is operating a baghouse, which is the top particulate control 
technology.   Therefore, there is no additional compliance cost, energy impacts, etc. that Otter 
Tail Power Company would have to endure.  As such, no additional impacts analysis will be 
conducted to determine the appropriate controls for particulate matter.    
 
6.3.2 Sulfur Dioxide BART Review 
 
6.3.2.1 Sulfur Dioxide Control Technologies 
 
Step 1 requires the identification of all available retrofit control technologies.  Otter Tail Power 
Company identified the following control options for sulfur dioxide: 
 

1. Fuel switching; 
2. Semi-dry flue gas desulfurization; and 
3. Wet flue gas desulfurization. 

 
DENR also identified the following control technologies that may be used to control sulfur 
dioxide emissions: 
 

1. Coal cleaning; 
2. Coal upgrading; 
3. Hydrated lime injection; and 
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4. Emerging control technologies such as Enviroscrub, Electro catalytic oxidation, and 
Airborne process. 

 
6.3.2.2 Technically Feasible Sulfur Dioxide Control Technologies 
 
Fuel switching is a viable method to reduce sulfur dioxide emissions by switching to a fuel with 
lower sulfur content.  Otter Tail Power Company’s Big Stone facility’s primary fuel source is 
subbituminous coal obtained from the Powder River Basin in Wyoming.  Powder River Basin 
subbituminous coal has one of the lowest sulfur contents available in the United States.  As such, 
Otter Tail Power Company has already implemented fuel switching. 
 
Coal cleaning is typically performed by physical gravimetric separation which is capable of 
reducing sulfur, ash and impurities from the coal. The effectiveness of gravimetric separation is 
dependent on the ash content and the distribution of fuel bound sulfur between organic and 
inorganic. If the sulfur compounds are predominantly inorganic materials, then coal cleaning is 
fairly effective, but if the sulfur compounds are predominantly organic materials, then coal 
cleaning is not effective. Physical cleaning or gravimetric separation may be effective with 
bituminous coals that contain high levels of inorganic sulfur and ash. However, gravimetric coal 
cleaning is not technically feasible for low sulfur, low ash, and low inorganic-sulfur content coal 
such as the coal from the Powder River Basin in Wyoming.  Otter Tail Power Company’s Big 
Stone facility’s primary fuel source is subbituminous coal obtained from the Powder River Basin 
in Wyoming. As such, coal cleaning is not a technical feasible option for Otter Tail Power 
Company. 
 
Coal upgrading such as a process developed by Evergreen Energy (formerly KFx) called the K-
Fuel process enriches the coal by utilizing high pressure and temperature conditions to reduce 
moisture and inorganic materials. Typically, the K-Fuel process is utilized to reduce the moisture 
content and increase the coal heating value, however, the process may remove some sulfur 
compounds. Evergreen Energy constructed a K-Fuel production facility in Gillette, Wyoming 
which may produce approximately 750,000 tons per year of K-Fuel. Otter Tail Power Company 
burned approximately 2,268,000 tons of coal in 2008.  As such, coal upgrading is not a 
technically feasible option for Otter Tail Power Company because there is not enough being 
produced to supply Otter Tail Power Company’s needs.  In addition, based on Evergreen 
Energy’s webpage, this facility has been idle since calendar year 2008.   
 
Hydrated lime injection is a system that injects hydrated lime prior to the particulate collection 
system.  The hydrated lime absorbs the sulfur dioxide and is collected in the particulate control 
device.  Hydrated lime is also referred to as calcium hydroxide.  The sulfur dioxide reacts with 
the calcium hydroxide to form calcium sulfate or calcium sulfite.  Fly ash from the Powder River 
Basin has a calcium content of up to 30 percent. Since the Powder River Basin coal is already 
providing additional calcium to adsorb sulfur dioxide, the hydrated lime will not likely provide 
additional sulfur dioxide removal. Otter Tail Power Company’s primary fuel source is 
subbituminous coal obtained from the Powder River Basin in Wyoming. As such, hydrated lime 
injection is not considered a technically feasible option for Otter Tail Power Company since the 
concept is already taking place by using Power River Basin coal. 
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Emerging control technologies such as Enviroscrub, Electro catalytic oxidation, and the Airborne 
process have not been commercially available and have not been demonstrated for long-term 
levels of performance.  As noted in 40 CFR Part 51, Appendix Y, a control technology needs to 
be commercially available to be considered technically feasible.  As such these emerging 
technologies are not considered technically feasible options for Otter Tail Power Company. 
 
DENR determined that the following sulfur dioxide control technologies were feasible for Otter 
Tail Power Company: 
 

1. Semi-dry flue gas desulfurization; and 
2. Wet flue gas desulfurization. 

 
6.3.2.3 Sulfur Dioxide Control Effectiveness 
 
Step 3 requires the evaluation of control effectiveness for each control technology.  DENR 
evaluated the control effectiveness by comparing the effectiveness in Table 6.6. 
 
Table 6-6 – Comparison of Control Effectiveness for Sulfur Dioxide Controls 

   
Emission Rate 

Control 
Efficiency 

  Otter Tail  1 RBLC 3 Basin 4 EPA 5 
Rank Control (lbs/MMBtus) 2 (lbs/MMBtus) 2 (lbs/MMBtus) 2 (%) 

#1 Wet Flue Gas 
Desulfurization 

0.043 to 0.15 0.1 to 0.167 0.05 90 to 98 

#2 Semi-Dry Flue 
Gas 
Desulfurization 

0.09 to 0.15 0.038 to 0.16 0.07 80 to 90 

1 – The identified emission rates were identified in Otter Tail Power Company’s BART analysis;    
2 – “lbs/MMBtus” means pounds per million British thermal units; 
3 – The identified emission rates were obtained from EPA’s Reasonable Achievable Control 
Technology, Best Available Control Technology, and Lowest Achievable Emission Rate 
Clearinghouse (RBLC) considering data for permits issued after calendar year 2000; 
4 – The emission rates are based on the BACT analysis provided by Basin Electric Power 
Cooperative’s proposed NextGen project in South Dakota; and 
5 – The control efficiencies, in percent removal, are from EPA’s “Air Pollution Control Technology 
Fact Sheet on Flue Gas Desulfurization Systems”. 

 
6.3.2.4 Sulfur Dioxide Control Technology Impacts 
 
Step 4 requires DENR to look at impacts associated with the control alternatives such as cost of 
compliance, energy impacts, non-air quality environmental impacts, and the remaining useful life 
of the project.  These impacts are intended to provide rational in choosing between the 
alternative control options when determining what is considered BART.   
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Otter Tail Power Company identified cost estimates for each of the control options.  In addition, 
Otter Tail Power Company identified cost estimated for two different operating scenarios for 
each of the two control alternatives.  Table 6-7 summarizes Otter Tail Power Company’s 
estimated costs.  
   
In 40 CFR Part 51, Appendix Y – Guidelines for BART Determination Under the Regional Haze 
Rule, in the section titled “How should I determine visibility impacts in the BART 
determination” it notes that the model should use the 24-hour average actual emission rate from 
the highest emitting day of the meteorological period modeled (for the pre-control scenario). The 
18,000 tons per year of sulfur dioxide is based on the highest average 24-hour average emission 
rate (4,832 pounds per hour) for calendar years 2001 through 2003 and operating 85% of the 
time or 7,746 hours per year. Based on the BART guidelines, the baseline emissions are 18,000 
tons per year. 
 
Table 6-7 – Comparison of Control Effectiveness for Sulfur Dioxide Controls 

Control 
Option 

 
Capital Cost 

 
O&M 1 

 
Annual Cost 2 

 
Reduction 3 

Cost 
Effectiveness 4 

WFGD #1 5 $171,800,000 $9,600,000 $29,050,000 17,100 $1,699 
WFGD #2 6 $171,800,000 $9,490,000 $28,900,000 14,870 $1,944 
SDFGD #1 7 $141,300,000 $7,660,000 $23,570,000 16,120 $1,462 
SDFGD #2 8 $141,300,000 $7,480,000 $23,330,000 14,870 $1,569 

1 – O&M represents the operational and maintenance cost estimate for the control alternative; 
2 – Annual cost is the annualized cost for each control alternative taking into account both the capital 
and operational and maintenance costs; 
3 – Reduction represents the amount of sulfur dioxide reduced in tons per year annual from the 
baseline level of 18,000 tons of sulfur dioxide per year; 
4 – Cost Effectiveness represents the annualized cost divided by the identified emission reductions 
(dollar per ton); 
5 – WFGD #1 represents a wet flue gas desulfurization system meeting an emission rate of 0.043 
pounds per million British thermal units;    
6 – WFGD #2 represents a wet flue gas desulfurization system meeting an emission rate of 0.15 
pounds per million British thermal units;  
7 – SDFGD #1 represents a semi-dry flue gas desulfurization system meeting an emission rate of 0.9 
pounds per million British thermal units; and   
8 – SDFGD #2 represents a semi-dry flue gas desulfurization system meeting an emission rate of 0.15 
pounds per million British thermal units.     

 
Otter Tail Power Company did not identify the cost effectiveness on a dollar per visibility 
reduction.  DENR considered this cost effectiveness in Step 5 of the analysis.   
 
Otter Tail Power Company identified the energy impacts cost associated for each of the control 
options.  Table 6-8 summarizes Otter Tail Power Company’s estimated energy impacts. 
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Table 6-8 – Estimated Energy Impacts for Sulfur Dioxide Controls 
Control Energy Demand Percent of Generation 

Wet Flue Gas Desulfurization 9,500 kilowatts 2.0 percent 
Semi-Dry Flue Gas Desulfurization 3,325 kilowatts 0.7 percent 
 
The non-air quality environmental impacts of the two control alternatives include the solid and 
aqueous waste streams.  The semi-dry flue gas desulfurization system would be installed 
upstream of the existing baghouse.  The baghouse would be used to collect the injected lime and 
reacted sulfur dioxide emissions along with other existing particulate matter emissions.  Otter 
Tail Power Company did not identify how much additional particulate matter would be collected 
by the baghouse due to the use of the semi-dry flue gas desulfurization system.  At this time, it is 
assume the additional material collected in the baghouse is negligible compared to the existing 
collection.  Otter Tail Power Company estimates that the wet flue gas desulfurization system 
would generate an additional 44,700 tons of gypsum solids which would need to be properly 
disposed.   
 
In conducting its cost analysis, Otter Tail Power Company used 30 years as the life expectancy 
averaging period for the control alternatives.  Since the useful life of Otter Tail Power 
Company’s Big Stone I facility is expected to be longer than 30 years, there is no difference 
between the control options based on useful life.      
 
6.3.3 Nitrogen Oxide BART Review 
 
6.3.3.1 Nitrogen Oxide Control Technologies 
 
Step 1 requires the identification of all available retrofit control technologies.  Otter Tail Power 
Company identified the following control options for nitrogen oxide: 
 

1. Low-nitrogen oxide burners (LNBs); 
2. Over-fire air (OFA); 
3. Separated over-fire air (SOFA); 
4. Selective non-catalytic reduction (SNCR); 
5. Rich reagent injection (RRI); and 
6. Selective catalytic reduction (SCR). 

 
DENR also identifies the following control technologies that may be used to control nitrogen 
oxide emissions: 
 

1. Flue-gas recirculation; 
2. Oxygen enhanced combustion; 
3. Catalytic absorption/oxidation; 
4. Gas reburn; and  
5. Emerging control technologies such as Enviroscrub, Electro-catalytic oxidation, 

NOxStar, and Cascade processes. 
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6.3.3.2 Technically Feasible Nitrogen Oxide Control Technologies 
 
Low-nitrogen oxide burners limit nitrogen oxide formation by controlling the stoichiometric and 
temperature profiles of the combustion process.  Low-nitrogen oxide burners attempt to delay the 
complete mixing of fuel and air as long as possible within the constraints of the furnace design.  
This is the reason flames from low-nitrogen oxide burners are longer than conventional burners.  
Cyclone furnace’s length and diameter are not designed with sufficient size to allow for low-
nitrogen oxide burners to be installed allowing stable combustion.   As such, low-nitrogen oxide 
burners are not considered a technically feasible option for Otter Tail Power Company. 
    
Flue-gas recirculation reduces the formation of thermal nitrogen oxide emissions in a boiler by 
limiting the amount of oxygen available for oxidation in the fuel rich zone of the boiler.  Flue-
gas recirculation is not known to reduce nitrogen oxide emissions any further when added with 
an over-fire air system.  Therefore, Otter Tail Power Company did not conduct any further 
review of flue-gas recirculation.  However, this reasoning does not justify that flue-gas 
recirculation is not a feasible technology to consider.  Therefore, DENR will consider the flue-
gas recirculation as a feasible control technology.   
 
Catalytic absorption/oxidation such as SCONOx or EMx systems is a nitrogen oxide control 
technology that utilizes a proprietary catalytic oxidation and absorption technology which 
oxidizes nitrogen oxide (NO) and carbon monoxide (CO) to nitrogen dioxide (NO2) and carbon 
dioxide (CO2), respectively. The nitrogen dioxide is then absorbed onto an absorption media 
while carbon dioxide is released to the atmosphere. Once the absorption media becomes 
saturated, the nitrogen dioxide is desorbed and treated by a proprietary catalyst. The SCONOx 
system is being considered as a cross over technology to coal-fired boilers, but to date has only 
been applied to “clean flue gas” systems such as natural-gas fired combustions turbines.  The 
catalytic absorption/oxidation system requires a high operating temperature and low particulate 
loading.  Therefore, the system would have to be installed after the particulate control device and 
require a flue gas reheater.  DENR was unable to find a coal-fired system that was using a 
catalytic absorption/oxidation system or find that this system was being marketed commercially 
for coal fired boilers.  As noted in 40 CFR Part 51, Appendix Y, a control technology needs to be 
commercially available to be considered technically feasible.  As such the catalytic 
absorption/oxidation system is not considered a technically feasible option for Otter Tail Power 
Company. 
 
Gas reburning is a nitrogen oxide control technology that uses a second combustion zone 
following the primary combustion zone in the boiler.  In a cyclone boiler, such as the one being 
operated at Otter Tail Power Company’s Big Stone I facility, burning the coal produces molten 
slag along the cyclone barrels.  The molten slag catches subsequent coal until the combustion is 
complete.  Generally, cyclone burners operate near the slag-tapping limits.  Therefore, using 
natural gas or another fuel source as the reburn fuel may inhibit the molten slag formation.  In 
addition, by trying to lower the air to fuel ratio more than achieved by the existing over-fire air 
systems may cause slag “freezing” at low load levels.  As such gas reburn is not considered a 
technically feasible option for Otter Tail Power Company.     
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Oxygen enhanced combustion is a nitrogen oxide combustion control technology that reduces the 
formation of thermal nitrogen oxides in the boiler.  Developed by Praxair Technology Inc., this 
method uses oxygen in the burner instead of air to achieve additional nitrogen oxide reductions.  
To date, the largest demonstration of this technology is a 30 megawatt pilot demonstration at 
Babcock and Wilcock’s Clean Environmental Development facility in Alliance, Ohio.   As noted 
on Babcock and Wilcock’s website - http://www.babcock.com/, the project was a pilot test of the 
technology and the next step is to demonstrate the technology at a commercial scale.  As noted in 
40 CFR Part 51, Appendix Y, a control technology needs to be commercially available to be 
considered technically feasible.  As such the oxygen enhanced combustion is not considered a 
technically feasible option for Otter Tail Power Company. 
   
Emerging control technologies such as Enviroscrub, Electro catalytic oxidation, and the Airborne 
process have not been commercially available and have not been demonstrated for long-term 
levels of performance.  As noted in 40 CFR Part 51, Appendix Y, a control technology needs to 
be commercially available to be considered technically feasible.  As such these emerging 
technologies are not considered technically feasible options for Otter Tail Power Company. 
 
DENR determined that the following nitrogen oxide control technologies were feasible for Otter 
Tail Power Company: 
 

1. Over-fire air (OFA); 
2. Separated over-fire air (SOFA); 
3. Selective non-catalytic reduction (SNCR); 
4. Rich reagent injection (RRI); 
5. Selective catalytic reduction (SCR) ; and 
6. Flue-gas recirculation. 

 
6.3.3.3 Nitrogen Oxide Control Effectiveness 
 
Step 3 requires the evaluation of control effectiveness for each control technology.  DENR 
evaluated the control effectiveness by comparing the effectiveness in Table 6.9. 
 
Table 6-9 – Comparison of Control Effectiveness for Nitrogen Oxide Controls 

  Emission Rate Control Efficiency 
  Otter Tail  1 RBLC 3 Basin 4 EPA 5 IEA 6 

Rank Control (lbs/MMBtus) 2 (lbs/MMBtus) 2 (lbs/MMBtus) 2 (%) (%) 
#1 SCR and 

SOFA 7 
0.10 0.05 to 0.1 0.05 35 to 90 80 to 90 

#2 RRI, SNCR 
and SOFA 8 

0.20 0.07 to 0.15 0.10 35 to 90 30 to 50 

#3 SNCR and 
SOFA 9 

0.35 0.07 to 0.15 0.10 35 to 90 30 to 50 

#4 Separated 
over-fire air 
 

0.50 Not Identified Not Identified 30 to 70 Not 
Identified 
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  Emission Rate Control Efficiency 
  Otter Tail  1 RBLC 3 Basin 4 EPA 5 IEA 6 

Rank Control (lbs/MMBtus) 2 (lbs/MMBtus) 2 (lbs/MMBtus) 2 (%) (%) 
#5 Over-fire air 0.65 Not Identified Not Identified 30 to 70 Not 

Identified 
#6 Flue Gas 

Recirculation 
Not Identified Not Identified Not Identified 30 to 70 Not 

Identified 
1 – The identified emission rates were identified in Otter Tail Power Company’s BART analysis;    
2 – “lbs/MMBtus” means pounds per million British thermal units; 
3 – The identified emission rates were obtained from EPA’s Reasonable Achievable Control 
Technology, Best Available Control Technology, and Lowest Achievable Emission Rate 
Clearinghouse (RBLC) considering data for permits issued after calendar year 2000; 
4 – The emission rates are based on the BACT analysis provided by Basin Electric Power 
Cooperative’s proposed NextGen project in South Dakota which is for a new pulverized-fired boiler 
equipped with a low-NOx burner combustion technology.  The emission rates were primarily based 
on if the system used selective catalytic reduction or selective non-catalytic reduction; 
5 – The emission rates are from page 27 of the EPA’s Technical Bulletin – “Nitrogen Oxides; Why 
and How they are Controlled”. 
6 – The emission rates were obtained from the IEA Clean Coal Centre’s Webpage - http://www.iea-
coal.org.uk/site/ieacoal/home.  The emission rates were primarily based on if the system used 
selective catalytic reduction or selective non-catalytic reduction. 
7 – SCR and SOFA refers to selective catalytic reduction and separated over-fire air; 
8 – RRI, SNCR, and SOFA refers to rich reagent injection, selective non-catalytic reduction and 
separated over-fire air, respectively; and 
9 – SNCR and SOFA refers to selective non-catalytic reduction and separated over-fire air. 

 
6.3.3.4 Nitrogen Oxide Control Technology Impacts 
 
Step 4 requires DENR to look at impacts associated with the control alternatives such as cost of 
compliance, energy impacts, non-air quality environmental impacts, and the remaining useful life 
of the project.  These impacts are intended to provide rational in choosing between the 
alternative control options when determining what is considered BART.   
 
Otter Tail Power Company identified cost estimates for five control options.  Table 6-10 
summarizes Otter Tail Power Company’s estimated costs.    
 
In 40 CFR Part 51, Appendix Y – Guidelines for BART Determination Under the Regional Haze 
Rule, in the section titled “How should I determine visibility impacts in the BART 
determination” it notes that the model should use the 24-hour average actual emission rate from 
the highest emitting day of the meteorological period modeled (for the pre-control scenario). The 
18,000 tons per year of nitrogen oxide is based on the highest average 24-hour average emission 
rate (4,855 pounds per hour) for calendar years 2001 through 2003 and operating 85% of the 
time or 7,746 hours per year. Based on the BART guidelines, the baseline emissions are 18,000 
tons per year. 
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Table 6-10 – Comparison of Control Effectiveness for Nitrogen Oxide Controls 
Control 
Option 

 
Capital Cost 

 
O&M 1 

 
Annual Cost 2 

 
Reduction 3 

Cost 
Effectiveness 4 

SCR and 
SOFA 5 

$81,800,000 $4,110,000 $13,210,000 16,000 $825 

RRI, SNCR 
and SOFA 6 

$16,200,000 $7,260,000 $11,390,000 13,910 $818 

SNCR and 
SOFA 7 

$11,900,000 $2,120,000 $3,990,000 10,780 $197 

SOFA 8 $4,800,000 $152,000 $650,000 7,640 $85 
Over-fired air $0 $106,000 $140,000 4,510 $31 

1 – O&M represents the operational and maintenance cost estimate for the control alternative; 
2 – Annual cost is the annualized costs for each control alternative taking into account both the capital 
and operational and maintenance costs; 
3 – Reduction represents the amount of nitrogen oxide reduced in tons per year annual from the 
baseline level of 18,000 tons of nitrogen oxide per year; 
4 – Cost Effectiveness represents the annualized cost divided by the identified emission reductions 
(dollar per ton); 
5 – SCR and SOFA refers to selective catalytic reduction and separated over-fire air; 
6 – RRI, SNCR, and SOFA refer to rich reagent injection, selective non-catalytic reduction and 
separated over-fire air;   
7 – SNCR and SOFA refers to selective non-catalytic reduction and separated over-fire air; and 
8 – SOFA refers to separated over-fire air. 

 
Otter Tail Power Company did not identify a cost effectiveness on a dollar per visibility 
reduction.  DENR considered this cost effectiveness in Step 5 of the analysis. 

 
Otter Tail Power Company identified the energy impacts cost associated for each of the control 
options.  Table 6-11 summarizes Otter Tail Power Company’s estimated energy impacts.    
 
Table 6-11 – Estimated Energy Impacts for Nitrogen Oxide Controls 

Control Energy Demand Percent of Generation
Selective catalystic reduction and 
Separated over-fire air 

400 to 1,000 kilowatts Less than 0.2 percent 

Rich reagent injection, Selective 
non-catalytic reduction and 
Separated over-fire air 

150 to 400 kilowatts Less than 0.1 percent 

Selective non-catalytic reduction 
and Separated over-fire air 

150 to 400 kilowatts Less than 0.1 percent 

Separated over-fire air 1 kilowatt Negligible 
Over-fire air 1 kilowatt Negligible 
 
The over-fire air and the separated over-fire air will increase the amount of unburned carbon in 
the flyash, which will increase the amount of flyash that needs to be properly disposed.  Otter 
Tail Power Company considers this increase negligible compared to the existing amount flyash 
being properly disposed.   
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The selective non-catalytic reduction and the selective catalytic reduction will generate a small 
amount of unreacted ammonia or urea to be emitted.  Even though ammonia and urea are not 
considered regulated air pollutants, these emissions are involved in the formation of ammonium 
sulfates and ammonium nitrates, which contribute to the amount of visibility impairment.     
 
In conducting its cost analysis, Otter Tail Power Company used 30 years as the life expectancy 
averaging period for the control alternatives.  Since the useful life of Otter Tail Power 
Company’s Big Stone I facility is expected to be longer than 30 years, there is no difference 
between the control options based on useful life.      
 
6.3.4 Visibility Impact Evaluations 
 
In accordance with 40 CFR Part 51, Appendix Y, a source that has an impact equal to or greater 
than 1.0 deciviews is considered to “cause” a visibility impairment and that establishing a 
threshold for what is considered to “contribute” to a visibility impairment should not be any 
higher than 0.5 deciviews.  DENR is proposing to define “contribute” to visibility impairment as 
a change in visibility impairment in a mandatory Class I federal area of 0.5 deciviews or more, 
based on a 24-hour average, above the average natural visibility baseline.  A source exceeds the 
threshold when the 98th percentile (eighth highest value) of the modeling results, based on one 
year of the three years of meteorological data modeled, exceeds the 0.5 deciviews.   
 
Otter Tail Power Company modeled its existing operations impact on seven Class I areas that are 
located in Michigan, Minnesota, North Dakota, and South Dakota.  Table 6-12 identifies the 
potential impact based on the 98th percentile for the existing Big Stone I facility has while 
emitting approximately 18,000 tons of sulfur dioxide, 18,000 tons of nitrogen oxides, and 300 
tons of particulate matter per year.     
 
Table 6-12 – Potential Impact of Existing Big Stone I (98th Percentile) 

Class I Area 2002 1,2 2006 1,2 2007 1,2 
Boundary Waters 0.574  (0.6) 0.790  (0.8) 1.079  (1.1) 
Voyageurs 0.623  (0.6) 0.574  (0.6) 0.724  (0.7) 
Wind Cave 0.305  (0.3) 0.120  (0.1) 0.325  (0.3) 
Theodore Roosevelt 0.215  (0.2) 0.459  (0.5) 0.322  (0.3) 
Lostwood 0.232  (0.2)  0.385  (0.4) 0.409  (0.4) 
Badlands 0.452  (0.5) 0.481  (0.5) 0.471  (0.5) 
Isle Royale 0.629  (0.6) 0.506  (0.5) 0.665  (0.7) 

1 – The modeling was conducted using the meteorological data for calendar years 2002, 2006, and 
2007; and 
2 – The results are represented in deciviews.  Otter Tail Power Company identified the deciview 
valued identified in the model to three decimal places which is consistent with how WRAP reported 
the visibility impacts in Table 6-3.  The value in parentheses represents the value that is used to 
compare to the proposed contribution threshold of 0.5.   
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Based on the modeling results, Otter Tail Power Company’s Big Stone I facility contributes to 
visibility impairment at Boundary Waters, Voyageurs, Theodore Roosevelt, Badlands, and Isle 
Royale because they have a deciview impact of 0.5 or greater.   
 
Otter Tail Power Company conducted visibility modeling for 10 different control option 
scenarios and each scenario for three calendar years worth of meteorological data.  The 10 
different control option scenarios simultaneously considered the emissions of nitrogen oxide, 
sulfur dioxide, and particulate matter.  Table 6-13 identifies the emission rates used in the 
modeling for each different control option. 
 
Table 6-13 – Emission Rates for Each Control Option 
Option Control Equipment SO2 11 NOx 12 PM10 13 

#1 OFA and Dry FGD #1 1 841.4 3645.9 84.1 
#2 OFA and Wet FGD #1 2 841.4 3645.9 84.1 
#3 OFA and Dry FGD #2 3 504.8 3645.9 84.1 
#4 OFA and Wet FGD #2 4 241.2 3645.9 84.1 
#5 SOFA and Dry FGD #1 5 841.4 2804.5 84.1 
#5a SOFA and Dry FGD #2 6 504.8 2804.5 84.1 
#5b SOFA and Wet FGD #2 7 241.2 2804.5 84.1 
#6 SNCR, SOFA, and Dry FGD #1 8 841.4 1963.2 84.1 
#7 RRI, SNCR, SOFA, and Dry FGD #1 9 841.4 1121.8 84.1 
#8 SCR, SOFA, and Dry FGD #1 10 841.4 560.9 84.1 

1 – OFA and Dry FGD #1 refers to over-fire air and semi-dry flue gas desulfurization system meeting 
an emission rate of 0.15 pounds per million British thermal units; 
2 – OFA and Wet FGD #1 refers to over-fire air and wet flue gas desulfurization system meeting an 
emission rate of 0.15 pounds per million British thermal units; 
3 – OFA and Dry FGD #2 refers to over-fire air and semi-dry flue gas desulfurization system meeting 
an emission rate of 0.09 pounds per million British thermal units; 
4 – OFA and Wet FGD #2 refers to over-fire air and wet flue gas desulfurization system meeting an 
emission rate of 0.043 pounds per million British thermal units; 
5 – SOFA and Dry FGD #1 refers to separated over-fire air and semi-dry flue gas desulfurization 
system meeting an emission rate of 0.15 pounds per million British thermal units; 
6 – SOFA and Dry FGD #2 refers to separated over-fire air and semi-dry flue gas desulfurization 
system meeting an emission rate of 0.09 pounds per million British thermal units; 
7 – SOFA and Wet FGD #2 refers to separated over-fire air and wet flue gas desulfurization system 
meeting an emission rate of 0.043 pounds per million British thermal units; 
8 – SNCR, SOFA, and Dry FGD #1 refers to selective non-catalytic reduction, separated over-fire air, 
and semi-dry flue gas desulfurization system meeting an emission rate of 0.15 pounds per million 
British thermal units; 
9 – RRI, SNCR, SOFA, and Dry FGD #1 refers to rich reagent injection, selective non-catalytic 
reduction, separated over-fire air, and semi-dry flue gas desulfurization system meeting an emission 
rate of 0.15 pounds per million British thermal units;   
10 – SCR, SOFA, and Dry FGD #1 refers to selective catalytic reduction, separated over-fire air, and 
semi-dry flue gas desulfurization system meeting an emission rate of 0.15 pounds per million British 
thermal units; 
11 – SO2 represents the sulfur dioxide emission rate in pounds per hour; 
12 – NOx represents the nitrogen oxide emission rate in pounds per hour; and 
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13 – PM10 represents the particulate matter less than 10 microns emission rate in pounds per hour.   
 
Table 6-14 provides the results of the modeling (98th percentile) using the different control 
options and emissions rates in Table 6-13.  Again, Otter Tail Power Company identified the 
deciview valued identified in the model to three decimal places which is consistent with how 
WRAP reported the visibility impacts in Table 6-3.  The value in parentheses represents the 
value that DENR used to compare to the proposed contribution threshold of 0.5.   
 
Table 6-14 – Modeling Results for Each Control Option (98th Percentile – Deciviews) 
Option Control Equipment Class I Area 2002 2006 2007 

#1 OFA and Dry FGD #1 1 Boundary Waters 0.330 (0.3) 0.548 (0.5) 0.657 (0.7) 
  Voyageurs 0.329 (0.3) 0.399 (0.4) 0.460 (0.5) 
  Isle Royale 0.377 (0.4) 0.296 (0.3) 0.339 (0.3) 
  Badlands 0.223 (0.2) 0.176 (0.2) 0.241 (0.2) 
  Theodore Roosevelt 0.092 (0.1) 0.247 (0.2) 0.190 (0.2) 

#2 OFA and Wet FGD #1 2 Boundary Waters 0.360 (0.4) 0.546 (0.5) 0.667 (0.7) 
  Voyageurs 0.349 (0.3) 0.494 (0.5) 0.521 (0.5) 
  Isle Royale 0.367 (0.4) 0.273 (0.3) 0.323 (0.3) 
  Badlands 0.234 (0.2) 0.199 (0.2) 0.254 (0.3) 
  Theodore Roosevelt 0.099 (0.1) 0.244 (0.2) 0.161 (0.2) 

#3 OFA and Dry FGD #2 3 Boundary Waters 0.319 (0.3) 0.534 (0.5) 0.620 (0.6) 
  Voyageurs 0.307 (0.3) 0.391 (0.4) 0.450 (0.5) 
  Isle Royale 0.363 (0.4) 0.287 (0.3) 0.323 (0.3) 
  Badlands 0.219 (0.2) 0.172 (0.2) 0.230 (0.2) 
  Theodore Roosevelt 0.087 (0.1) 0.234 (0.2) 0.173 (0.2) 

#4 OFA and Wet FGD #2 4 Boundary Waters 0.350 (0.4) 0.521 (0.5) 0.611 (0.6) 
  Voyageurs 0.312 (0.3) 0.464 (0.5) 0.502 (0.5) 
  Isle Royale 0.351 (0.4) 0.250 (0.3) 0.290 (0.3) 
  Badlands 0.225 (0.2) 0.191 (0.2) 0.234 (0.2) 
  Theodore Roosevelt 0.084 (0.1) 0.230 (0.2) 0.138 (0.1) 

#5 SOFA and Dry FGD #1 5 Boundary Waters 0.264 (0.3) 0.433 (0.4) 0.524 (0.5) 
  Voyageurs 0.263 (0.3) 0.314 (0.3) 0.364 (0.4) 
  Isle Royale 0.298 (0.3) 0.235 (0.2) 0.272 (0.3) 
  Badlands 0.169 (0.2) 0.137 (0.1) 0.191 (0.2) 
  Theodore Roosevelt 0.076 (0.1) 0.199 (0.2) 0.156 (0.2) 

#5a SOFA and Dry FGD #2 6 Boundary Waters 0.250 (0.3) 0.419 (0.4) 0.493 (0.5) 
  Voyageurs 0.249 (0.2) 0.306 (0.3) 0.354 (0.4) 
  Isle Royale 0.285 (0.3) 0.226 (0.2) 0.256 (0.3) 
  Badlands 0.165 (0.2) 0.133 (0.1) 0.180 (0.2) 
  Theodore Roosevelt 0.069 (0.1) 0.186 (0.2) 0.141 (0.1) 

#5b SOFA and Wet FGD #2 7 Boundary Waters 0.274 (0.3 0.407 (0.4) 0.478 (0.5) 
  Voyageurs 0.244 (0.2) 0.365 (0.4) 0.393 (0.4) 
  Isle Royale 0.274 (0.3) 0.195 (0.2) 0.227 (0.2) 
  Badlands 0.174 (0.2) 0.147 (0.1) 0.182 (0.2) 
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Option Control Equipment Class I Area 2002 2006 2007 
  Theodore Roosevelt 0.066 (0.1) 0.180 (0.2) 0.108 (0.1) 

#6 SNCR, SOFA,  Boundary Waters 0.200 (0.2) 0.318 (0.3) 0.388 (0.4) 
 and Dry FGD #1 8 Voyageurs 0.196 (0.2) 0.228 (0.2) 0.267 (0.3) 
  Isle Royale 0.221 (0.2) 0.174 (0.2) 0.199 (0.2) 
  Badlands 0.120 (0.1) 0.098 (0.1) 0.143 (0.1) 
  Theodore Roosevelt 0.063 (0.1) 0.150 (0.2) 0.121 (0.1) 

#7 RRI, SNCR, SOFA,  Boundary Waters 0.137 (0.1) 0.202 (0.2) 0.256 (0.3) 
 and Dry FGD #1 9 Voyageurs 0.130 (0.1) 0.157 (0.2) 0.176 (0.2) 
  Isle Royale 0.142 (0.1) 0.115 (0.1) 0.134 (0.1) 
  Badlands 0.090 (0.1) 0.066 (0.1) 0.099 (0.1) 
  Theodore Roosevelt 0.050 (0.1) 0.101 (0.1) 0.080 (0.1) 

#8 SCR, SOFA, Boundary Waters 0.097 (0.1) 0.136 (0.1) 0.170 (0.2) 
 and Dry FGD #1 10 Voyageurs 0.086 (0.1) 0.107 (0.1) 0.123 (0.1) 
  Isle Royale 0.092 (0.1) 0.077 (0.1) 0.098 (0.1) 
  Badlands 0.079 (0.1) 0.060 (0.1) 0.070 (0.1) 
  Theodore Roosevelt 0.036 (0.0) 0.070 (0.1) 0.064 (0.1) 
1 – OFA and Dry FGD #1 refers to over-fire air and semi-dry flue gas desulfurization system meeting 
an emission rate of 0.15 pounds per million British thermal units; 
2- OFA and Wet FGD #1 refers to over-fire air and wet flue gas desulfurization system meeting an 
emission rate of 0.15 pounds per million British thermal units; 
3 - OFA and Dry FGD #2 refers to over-fire air and semi-dry flue gas desulfurization system meeting 
an emission rate of 0.09 pounds per million British thermal units; 
4 - OFA and Wet FGD #2 refers to over-fire air and wet flue gas desulfurization system meeting an 
emission rate of 0.043 pounds per million British thermal units; 
5 – SOFA and Dry FGD #1 refers to separated over-fire air and semi-dry flue gas desulfurization 
system meeting an emission rate of 0.15 pounds per million British thermal units; 
6 – SOFA and Dry FGD #2 refers to separated over-fire air and semi-dry flue gas desulfurization 
system meeting an emission rate of 0.09 pounds per million British thermal units; 
7 – SOFA and Wet FGD #2 refers to separated over-fire air and wet flue gas desulfurization system 
meeting an emission rate of 0.043 pounds per million British thermal units; 
8 – SNCR, SOFA, and Dry FGD #1 refers to selective non-catalytic reduction, separated over-fire air, 
and semi-dry flue gas desulfurization system meeting an emission rate of 0.15 pounds per million 
British thermal units; 
9 - RRI, SNCR, SOFA, and Dry FGD #1 refers to rich reagent injection, selective non-catalytic 
reduction, separated over-fire air, and semi-dry flue gas desulfurization system meeting an emission 
rate of 0.15 pounds per million British thermal units; and 
10 - SCR, SOFA, and Dry FGD #1 refers to selective catalytic reduction, separated over-fire air, and 
semi-dry flue gas desulfurization system meeting an emission rate of 0.15 pounds per million British 
thermal units. 

 
Based on the modeling results in Table 6-14, Otter Tail Power Company would have to use 
Option #6, #7, or #8 to not reasonably contribute to visibility impairment in the Boundary 
Waters, Voyageurs, Isle Royale, Badlands, and Theodore Roosevelt National Parks. 
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Otter Tail Power Company did not provide a cost per deciview reduction for each of the 
proposed control options.  DENR calculated a cost per deciview reduction by summing the 
annualized cost of each of the control alternatives associated with the control options and 
dividing by the visibility reduction identified by the modeling from the baseline condition.  Table 
6-15 provides a cost per deciview comparison. 
 
Table 6-15 – Cost per Deciview Comparison ($/deciview)  

 
Option 

Control 
Equipment 

 
Class I Area 

 
2002 

 
2006 

 
2007 

#1 OFA and  Boundary Waters $ 96,188,525 $ 96,983,471 $ 55,616,114 
 Dry FGD #1 1 Voyageurs $ 79,829,932 $ 134,114,286 $ 88,901,515 
  Isle Royale $ 93,134,921 $ 111,761,905 $ 71,993,865 
  Badlands $ 102,489,083 $ 79,950,820 $ 102,043,478
  Theodore Roosevelt $ 190,813,008 $ 110,707,547 $ 177,803,030
  Cumulative $ 15,998,637 $ 16,108,442 $ 13,542,989

#2 OFA and  Boundary Waters $ 135,700,935 $ 119,016,393 $ 70,485,437 
 Wet FGD #1 2 Voyageurs $ 105,985,401 $ 363,000,000 $ 143,054,187 
  Isle Royale $ 110,839,695 $ 124,635,193 $ 84,912,281 
  Badlands $ 133,211,009 $ 102,978,723 $ 133,824,885
  Theodore Roosevelt $ 250,344,828 $ 135,069,767 $ 180,372,671
  Cumulative $ 20,625,000 $ 21,337,252 $ 17,224,199

#3 OFA and  Boundary Waters $ 92,980,392 $ 92,617,188 $ 51,655,773 
 Dry FGD #2 3 Voyageurs $ 75,031,646 $ 129,562,842 $ 86,532,847 
  Isle Royale $ 89,135,338 $ 108,264,840 $ 69,327,485 
  Badlands $ 101,759,657 $ 76,731,392 $ 159,127,517
  Theodore Roosevelt $ 185,234,375 $ 105,377,778 $ 98,381,743
  Cumulative $ 15,466,406 $ 15,588,429 $ 12,795,467

#4 OFA and  Boundary Waters $ 130,312,500 $ 108,513,011 $ 62,371,795 
 Wet FGD #2 4 Voyageurs $ 93,858,521 $ 265,363,636 $ 131,486,486 
  Isle Royale $ 105,000,000 $ 114,023,438 $ 77,840,000 
  Badlands $ 128,590,308 $ 100,655,172 $ 123,164,557
  Theodore Roosevelt $ 222,824,427 $ 127,467,249 $ 158,641,304
  Cumulative $ 19,140,984 $ 19,590,604 $ 15,617,978

#5 SOFA and Boundary Waters $ 77,354,839 $ 67,170,868 $ 43,207,207 
 Dry FGD #1 5 Voyageurs $ 66,611,111 $ 92,230,769 $ 66,611,111 
  Isle Royale $ 72,447,130 $ 88,487,085 $ 61,017,812 
  Badlands $ 84,734,392 $ 69,709,302 $ 85,642,857
  Theodore Roosevelt $ 172,517,986 $ 92,230,769 $ 144,457,831
  Cumulative $ 13,411,633 $ 13,018,458 $ 11,045,601

#5a SOFA and  Boundary Waters $ 74,753,086 $ 65,283,019 $ 41,331,058 
 Dry FGD #2 6 Voyageurs $ 64,759,358 $ 90,373,134 $ 65,459,459 
  Isle Royale $ 70,406,977 $ 86,500,000 $ 59,217,604 
  Badlands $ 84,390,244 $ 69,597,701 $ 83,230,241
  Theodore Roosevelt $ 165,890,411 $ 88,717,949 $ 133,812,155
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Option 

Control 
Equipment 

 
Class I Area 

 
2002 

 
2006 

 
2007 

  Cumulative $ 13,070,696 $ 12,727,273 $ 10,544,188
#5b SOFA and  Boundary Waters $ 99,000,000 $ 77,545,692 $ 49,417,637 

 Wet FGD #2 7 Voyageurs $ 78,364,116 $ 142,105,263 $ 89,728,097 
  Isle Royale $ 83,661,972 $ 95,498,392 $ 67,808,219 
  Badlands $ 106,834,532 $ 88,922,156 $ 102,768,166
  Theodore Roosevelt $ 199,328,589 $ 106,451,613 $ 138,785,047
  Cumulative $ 16,019,417 $ 15,730,932 $ 12,724,936

#6 SNCR, SOFA,  Boundary Waters $ 73,048,128 $ 57,881,356 $ 39,536,903 
 and  Voyageurs $ 63,981,265 $ 78,959,538 $ 59,781,182 
 Dry FGD #1 8 Isle Royale $ 66,960,784 $ 82,289,157 $ 58,626,609 
  Badlands $ 82,289,157 $ 71,331,593 $ 83,292,683
  Theodore Roosevelt $ 179,736,842 $ 88,414,239 $ 135,920,398
  Cumulative $ 13,115,699 $ 12,262,118 $ 10,368,121

#7 RRI, SNCR,  Boundary Waters $ 79,450,801 $ 59,047,619 $ 42,187,120 
 SOFA, and Voyageurs $ 70,425,963 $ 83,261,391 $ 63,357,664 
 Dry FGD #1 9 Isle Royale $ 71,293,634 $ 88,797,954 $ 65,386,064 
  Badlands $ 95,911,602 $ 83,662,651 $ 93,333,333
  Theodore Roosevelt $ 210,424,242 $ 96,983,240 $ 143,471,074
  Cumulative $ 14,711,864 $ 13,467,804 $ 11,280,052

#8 SCR, SOFA, Boundary Waters $ 76,603,774 $ 55,871,560 $ 40,198,020 
 and  Voyageurs $ 68,044,693 $ 78,244,111 $ 60,798,669 
 Dry FGD #1 10 Isle Royale $ 68,044,693 $ 85,174,825 $ 64,444,444 
  Badlands $ 97,962,466 $ 86,793,349 $ 91,122,195
  Theodore Roosevelt $ 204,134,078 $ 93,933,162 $ 141,627,907
  Cumulative $ 14,329,412 $ 13,101,470 $ 10,900,955 

1 – OFA and Dry FGD #1 refers to over-fire air and semi-dry flue gas desulfurization system meeting 
an emission rate of 0.15 pounds per million British thermal units; 
2- OFA and Wet FGD #1 refers to over-fire air and wet flue gas desulfurization system meeting an 
emission rate of 0.15 pounds per million British thermal units; 
3 - OFA and Dry FGD #2 refers to over-fire air and semi-dry flue gas desulfurization system meeting 
an emission rate of 0.09 pounds per million British thermal units; 
4 - OFA and Wet FGD #2 refers to over-fire air and wet flue gas desulfurization system meeting an 
emission rate of 0.043 pounds per million British thermal units; 
5 – SOFA and Dry FGD #1 refers to separated over-fire air and semi-dry flue gas desulfurization 
system meeting an emission rate of 0.15 pounds per million British thermal units; 
6 – SOFA and Dry FGD #2 refers to separated over-fire air and semi-dry flue gas desulfurization 
system meeting an emission rate of 0.09 pounds per million British thermal units; 
7 – SOFA and Wet FGD #2 refers to separated over-fire air and wet flue gas desulfurization system 
meeting an emission rate of 0.043 pounds per million British thermal units; 
8 – SNCR, SOFA, and Dry FGD #1 refers to selective non-catalytic reduction, separated over-fire air, 
and semi-dry flue gas desulfurization system meeting an emission rate of 0.15 pounds per million 
British thermal units; 
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9 - RRI, SNCR, SOFA, and Dry FGD #1 refers to rich reagent injection, selective non-catalytic 
reduction, separated over-fire air, and semi-dry flue gas desulfurization system meeting an emission 
rate of 0.15 pounds per million British thermal units; and 
10 - SCR, SOFA, and Dry FGD #1 refers to selective catalytic reduction, separated over-fire air, and 
semi-dry flue gas desulfurization system meeting an emission rate of 0.15 pounds per million British 
thermal units. 

 
Based on the cost per deciview reduction numbers in Table 6-15, the most cost effective controls 
options are #5A, #6 and #8.  The cost effective control costs are generally within 10 percent of 
each other.   
 
6.3.5 BART Emissions Limits for Big Stone I 
 
EPA identifies in 40 CFR Part 51, Appendix Y that in determining the “best” available retrofit 
technology, the state has discretion to determine the order in which the state should evaluate 
control options for BART.  The state should provide a justification for adopting the technology 
that is selected as the ‘‘best’’ level of control, including an explanation of the Clean Air Act 
factors that led the state to choose that option over other control levels. 
 
To complete the BART process, the state should establish enforceable emission limits that reflect 
the BART requirements and require compliance within a given period of time. In particular, the 
state should establish an enforceable emission limit for each subject emission unit at the source 
and for each pollutant subject to review that is emitted from the source. In addition, the state 
should require compliance with the BART emission limitations no later than five years after EPA 
approves South Dakota’s State Implementation Plan for regional haze. If technological or 
economic limitations in the application of a measurement methodology to a particular emission 
unit make a conventional emissions limit infeasible, the state may instead prescribe a design, 
equipment, work practice, operation standard, or combination of these types of standards. 
 
6.3.5.1 Particulate Matter BART Recommendation 
 
Otter Tail Power Company already installed and is operating a baghouse, which is the top 
particulate control technology.  Therefore, there is no additional compliance cost, energy 
impacts, etc. that Otter Tail Power Company would have to endure.  As such, DENR considers 
the continual use of the baghouse as BART for particulate matter.   
 
Otter Tail Power Company proposes an emission limit of 84.1 pounds per hour which they based 
on an emission rate of 0.015 pounds per million Btu and a maximum fuel heat input of 5,609 
million Btus per hour.  Otter Tail Power Company proposes to comply with the pounds per hour 
limit using a 30-day rolling average.  Each day, Otter Tail Power Company will multiply the 
emission rate, in pounds per million Btus as determined by the most recent annual performance 
test, by the heat input to the boiler, as determined by a continuous emission monitoring system, 
and dividing by the number of hours the boiler operated that day.   
 
In the December 11, 2006, application, Otter Tail Power Company proposed to replace the 
advanced hybrid particulate collector control system with the current day baghouse.  In that 
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application, Otter Tail Power Company noted that the baghouse would have a maximum 
filterable particulate matter emission rate of 0.012 pounds per million Btu of fuel heat input.  The 
emission rate equates to 67.3 pounds per hour at 5,609 million Btus per hour heat input   In May 
2009, Otter Tail Power Company conducted a performance test on the baghouse.  The test results 
noted an average filterable particulate matter emission rate of 0.011 pounds per million Btus and 
57.6 pounds per hour.       
 
DENR considers the emission limit representing BART as 67.3 pounds per hour.  The hourly 
emission limit includes periods of startup and shutdown.  DENR is also establishing a BART 
emission limit of 0.012 pounds per million Btus, which does not include periods of startup and 
shutdown.  Compliance with both emission limits shall be based on an annual stack performance 
test using the average of three 1-hour test runs.   
    
6.3.5.2 Sulfur Dioxide BART Recommendation 
 
Otter Tail Power Company is proposing the second ranked control option (semi-dry flue gas 
desulfurization system) to control sulfur dioxide emissions.  Since control options #6, #7, and #8, 
which were the only three options that reduced the visibility less than the contribution level of 
0.5 deciviews, did not include the top ranked sulfur dioxide control alternative an analysis of the 
visibility impacts of the other control alternatives was considered.  Even though the top ranked 
control option (wet flue gas desulfurization system) reduces the sulfur dioxide emissions more 
than the second ranked control option, neither of the two control options is considered a better 
control option when considering the visibility impacts.  For example, Table 6-16 displays the 
comparison of the visibility impacts for control option #3 to control option #4 and control option 
#5a to control option #5b.  These options were chosen because the emission rates for nitrogen 
oxide and particulate matter were constant, while the sulfur dioxide emissions varied as noted by 
the two different control alternatives.     
   
Table 6-16 – Visibility Comparison between Wet and Dry Scrubbers  

 Control Option Class I Area 2002 2006 2007 
#3 OFA and Dry FGD #2 1 Boundary Waters 0.319 0.534 0.620 
  Voyageurs 0.307 0.391 0.450 
  Isle Royale 0.363 0.287 0.323 
  Badlands 0.219  0.172 0.230 
  Theodore Roosevelt 0.087 0.234 0.173 
#4 OFA and Wet FGD #2 2 Boundary Waters 0.350 0.521 0.611 
  Voyageurs 0.312 0.464 0.502 
  Isle Royale 0.351 0.250 0.290 
  Badlands 0.225 0.191 0.234 
  Theodore Roosevelt 0.084 0.230 0.138 
 Comparison Review Boundary Waters ↑ ↓ ↓ 
  Voyageurs ↑ ↑ ↑ 
  Isle Royale ↓ ↓ ↓ 
  Badlands ↑ ↑ ↑ 
  Theodore Roosevelt ↓ ↓ ↓ 
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 Control Option Class I Area 2002 2006 2007 
#5a SOFA and Dry FGD #2 3 Boundary Waters 0.250 0.419 0.493 
  Voyageurs 0.249 0.306 0.354 
  Isle Royale 0.285 0.226 0.256 
  Badlands 0.165 0.133 0.180 
  Theodore Roosevelt 0.069 0.186 0.141 
#5b SOFA and Wet FGD #2 4 Boundary Waters 0.274 0.407 0.478 
  Voyageurs 0.244 0.365 0.393 
  Isle Royale 0.274 0.195 0.227 
  Badlands 0.174 0.147 0.182 
  Theodore Roosevelt 0.066 0.180 0.108 
 Comparison Review Boundary Waters ↑ ↓ ↓ 
  Voyageurs ↓ ↑ ↑ 
  Isle Royale ↓ ↓ ↓ 
  Badlands  ↑ ↑ ↑ 
  Theodore Roosevelt ↓ ↓ ↓ 

1 - OFA and Dry FGD #2 refers to over-fire air and semi-dry flue gas desulfurization system meeting 
an emission rate of 0.09 pounds per million British thermal units; 
2 - OFA and Wet FGD #2 refers to over-fire air and wet flue gas desulfurization system meeting an 
emission rate of 0.043 pounds per million British thermal units; 
3 – SOFA and Dry FGD #2 refers to separated over-fire air and semi-dry flue gas desulfurization 
system meeting an emission rate of 0.09 pounds per million British thermal units; and 
4 – SOFA and Wet FGD #2 refers to separated over-fire air and wet flue gas desulfurization system 
meeting an emission rate of 0.043 pounds per million British thermal units. 

 
As noted in the table, approximately 40 percent of the modeling, the top ranked control option 
generated a higher visibility impact than the second ranked control option.  Whereas, 
approximately 60 percent of the modeling, the second ranked control option generated a higher 
visibility impact than the top ranked control option.  Therefore, based on the visibility modeling 
there is no discernable difference between these two control options.  As such, DENR considers 
that the semi-dry flue gas desulfurization system is considered BART.      
 
Otter Tail Power Company proposes an emission limit of 505 pounds per hour based upon a 30-
day rolling average, which is based on the emission rate of 0.09 pounds per million Btu of fuel 
heat input at 5,609 million Btus per hour heat input. 
 
The presumptive emission limit established by EPA for scrubber systems is 0.15 pounds per 
million Btus of fuel heat input.  The limit proposed by Otter Tail Power Company is more 
stringent than the presumptive limit identified by EPA.  DENR considers the emission limit 
representing BART should be 505 pounds per hour, which would include periods of startup and 
shutdown and 0.09 pounds per million Btus, which would not include startup and shutdown.  
Compliance with these emission limits shall be based on the continuous emission monitoring 
system and on a 30-day rolling average.     
 

North Dakota Case No. PU-11-____ 
Attachment 1 

Page 39 of 41



 

 
Draft 102 
 

6.3.5.3 Nitrogen Oxide BART Recommendation 
 
Otter Tail Power Company is proposing the fourth ranked control option (separated over-fire air) 
to control nitrogen oxide emissions.  In reviewing the higher ranked control options, each option 
reduces the amount of nitrogen oxide emissions and the visibility impacts more than the fourth 
ranked control option (separated over-fire air).  However, each of these higher ranking control 
options comes with a higher financial cost.   
 
In establishing the nitrogen oxide presumptive BART requirements, EPA identified that $1,500 
per ton of nitrogen oxide removed was considered cost effective. (Federal Register Volume 70 
Number 128 on pages 39134 and 39135).  EPA considers this threshold cost effective for a coal 
fired unit greater than 200 megawatts existing at a facility with a combined capacity greater than 
750 megawatts.   
 
Otter Tail Power Company’s Big Stone I facility does not have a capacity greater than 750 
megawatts and is not applicable to the established nitrogen oxide presumptive BART 
requirements.  However, Otter Tail Power Company’s Big Stone I’s coal fired unit is greater 
than the 200 megawatt.  As noted in Table 6-10, the cost of the control options on a $ per ton 
basis are all less than $900 per ton.  As such DENR considers all the identified control options as 
cost effective on a $ per ton basis. 
 
As noted in Table 6-15, the cost on a $ per deciview basis indicates that control options #5a, #6 
and #8 are the most cost effective.  Options #5a, #6 and #8 consider the operation of separated 
over-fire air, selective non catalytic reduction and selective catalytic reduction.  It should be 
noted that the $ per deciview includes the cost for both sulfur dioxide and nitrogen oxide.    
 
As noted in Table 6-14, control options #6, #7, #8, were the only options that resulted in 
modeling less than 0.5 deciviews of visibility impairment.  Again, it should be noted the 
modeling results includes the emissions of particulate matter, sulfur dioxide, and nitrogen oxide.   
 
None of the nitrogen oxide control alternatives have identified energy, non-air environmental, or 
have issues with the current life expectancy of the Big Stone I coal fire unit to preclude the use 
of any of the control options.  As such DENR considers all the identified control options as being 
acceptable options based on impacts to energy, non-air environmental and life expectancy. 
 
Based on the visibility modeling, the first ranked control option (selective catalytic reduction) 
reduces the visibility more than any other control option.  The selective catalytic reduction 
system also reduces the visibility an additional 34 percent over the second ranked control option 
and an additional 65 percent over the fourth ranked control option.  The selective catalytic 
reduction is also considered cost effective on a $ per ton basis, is represented as part of the 
control option #8 that is one of the most cost effective options on a $ per deciview reduction 
basis and one of the options that modeling demonstrates less than 0.5 deciviews of visibility 
impairment.  DENR considers selective catalytic reduction and separate over-fire air system as 
BART.   
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The presumptive emission limit established by EPA for a selective catalytic reduction system 
installed on a cyclone coal fired unit is 0.10 pounds per million Btus of fuel heat input (Federal 
Register Volume 70 Number 128 on page 39172).  DENR considers the emission limit 
representing BART should be 561 pounds per hour, which would include periods of startup and 
shutdown and 0.10 pounds per million Btus, which would not include startup and shutdown 
periods.  Compliance with the emission limits shall be based on the continuous emission 
monitoring system and on a 30-day rolling average.             
 
6.4 BART Requirements 
 
Otter Tail Power Company’s Big Stone I reasonably contributes to visibility impairment at Class 
I areas and is considered a BART-eligible source subject to BART.  Therefore, DENR is 
adopting BART requirements in its Administrative Rules of South Dakota under Chapter 
74:36:21 – Regional Haze Program.   
 
These requirements will be part of South Dakota’s Regional Haze State Implementation Plan and 
will be enforceable because they will establish emission limits representing BART; in 
accordance with 40 CFR § 51.308(e)(1)(v), the BART control equipment will be required to be 
properly operated and maintained; and testing, monitoring, recordkeeping, and reporting 
requirements will be established to ensure compliance with BART. One method of determining 
if control equipment is being properly operated and maintained is through monitoring the 
emissions from the unit.  In Otter Tail Power Company’s case, continuous emission monitoring 
sulfur dioxide and nitrogen oxide is already required in their existing permit. The minimum 
requirements for the operation, maintenance, and monitoring requirements will be established in 
ARSD 74:36:21:07.  In accordance with 40 CFR § 51.308(e)(1)(iv), DENR will require BART 
to be installed and operating as expeditiously as practicable, but no later than 5 years from EPA’s 
approval of South Dakota’s Regional Haze Program. The deadline for installing BART will be 
established in ARSD 74:36:21:06. 
 
In accordance with 40 CFR § 51.308(e)(5), once the requirements of BART are achieved, Otter 
Tail Power Company will be subject to the requirements of South Dakota’s State Implementation 
Plan in the same manner as other sources. 
 
7.0 Reasonable Progress 
 
In accordance with 40 CFR § 51.308(d)(1), for each mandatory Class I area located within the 
state, the state must establish goals, expressed in deciviews, that provide reasonable progress 
towards achieving natural visibility conditions by 2064.  The reasonable progress goals must 
provide improvement in visibility for the 20% most impaired days over the period of the 
implementation plan and ensure no degradation in visibility for the 20% least impaired days over 
the same period.  In accordance with 40 CFR § 51.308(d)(1)(v), the reasonable progress goals 
established by the state are not directly enforceable but will be considered in the evaluation of 
the adequacy of the measures a state would implement to achieve natural conditions by 2064. In 
accordance with 40 CFR § 51.308(d)(1)(vi), the state may not adopt a reasonable progress goal 
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ASSESSMENT OF ANTICIPATED FEDERAL AND STATE ENVIRONMENTAL 

REGULATIONS 

This Attachment 2 to the Application summarizes and assesses all anticipated state and federal 
environmental regulations related to production of electricity from the Big Stone Plant.  This 
Attachment addresses anticipated air quality regulations in Sections I to III, then addresses 
anticipated coal waste regulations in Section IV, and ends by assessing anticipated water 
regulations in Section V. 

I. Criteria Air Pollutants 

The “criteria” air pollutants are:  nitrogen oxides (“NOX”), sulfur dioxide (“SO2”), particulate 
matter (“PM”), ozone, carbon monoxide and lead.  These are the six pollutants for which EPA 
has adopted National Ambient Air Quality Standards, but their emissions are also regulated 
under other Clean Air Act (“CAA”) programs when they are a precursor to other types of air 
pollution.  NOX, for example, is regulated because it is a precursor to fine particle formation, 
ozone formation, acid deposition and regional haze.  Similarly, SO2 is a precursor to fine particle 
formation, acid deposition and regional haze.  Particulate matter is a precursor to regional haze.  
This section describes the effect of anticipated regulations to limit criteria pollutant emissions 
from power plants. 

A. National Ambient Air Quality Standards 

The Clean Air Act provides that National Ambient Air Quality Standards (“NAAQS”) be 
evaluated every five years, and based on the most recent scientific information available, be 
revised if necessary to protect public health and/or the environment.1  The EPA has recently 
revised the NAAQS for several pollutants and is expected to make determinations setting new 
ozone and particulate standards by the end of 2011. 

Big Stone is located in an area that attains all NAAQS, and is not located in or near any areas 
expected to fail to attain NAAQS.  Furthermore, the Big Stone AQCS will reduce ambient 
concentrations of SO2, NOX, and ozone (to the extent that NOx is a chemical precursor of ozone 
formation).  SO2 and NOX also contribute to the secondary formation of fine particulate, or 
particulate matter less than 2.5 microns (“PM2.5”), which is also regulated under the NAAQS 
program. 

In general, compliance with NAAQS is achieved through development of State Implementation 
Plans (“SIPs”) that limit emissions from sources located in the area designated non-attainment.2  
To help states attain the NAAQS in local areas, the EPA evaluates whether certain regional or 
nationally applicable emission limitations should be put into place in order to assist the states in 

                                                 
1  42 U.S.C. § 7409 (CAA § 109). 

2  42 U.S.C. § 7410 (CAA § 110). 
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attaining the NAAQS, or states may petition EPA to impose reductions in upwind states.3  In the 
case of ozone and particle pollution, EPA has determined that it should adopt regional strategies 
in the Eastern United States to reduce precursor emissions from power plants that contribute to 
downwind nonattainment.  In the electric power industry, attempts to assist with attainment of 
the NAAQS for ozone and particulate matter from regional sources have been made through 
EPA’s proposed Transport Rule and its predecessor, the Clean Air Interstate Rule (“CAIR”). 

Based on a conclusion that SO2 and NOX are the chief emissions contributing to interstate 
transport of PM2.5, and that NOX emissions are the chief contributor to ozone non-attainment, the 
EPA adopted the final CAIR rule in May 2005.4  In the final CAIR rule, 25 states and the District 
of Columbia were found to contribute to PM2.5 NAAQS non-attainment in downwind states.  
Twenty-five states and the District of Columbia were found to contribute to downwind eight-
hour ozone NAAQS non-attainment.  Based on this impact, the EPA proposed to cap SO2 and 
NOX emissions in the designated states.  The initial program design implemented significant 
emission reductions through caps and then proposed to allow emission trading in the CAIR 
control region among sources targeted for emission reductions.  On July 11, 2008, the U.S. Court 
of Appeals for the D.C. Circuit vacated and remanded CAIR and the CAIR Federal 
Implementation Plan in its entirety.5 

On August 2, 2010, the EPA published a proposed rule to replace CAIR, which EPA referred to 
as the “Transport Rule.”6  The Transport Rule would seek to reduce SO2 by 71% and NOX by 
52% from 2005 levels by 2014.  EPA expects to issue its final Transport Rule in 2012.  In the 
proposed Transport Rule, 24 states and the District of Columbia were found to contribute to 
PM2.5 NAAQS non-attainment in downwind states.  Twenty-four states and the District of 
Columbia were found to contribute to downwind eight-hour ozone NAAQS non-attainment.  The 
Big Stone Plant is located in South Dakota.  South Dakota was not subject to CAIR and is not 
proposed to be subject to Transport Rule requirements. 

EPA plans to evaluate the need for further emission reductions in the Transport Rule, based upon 
revisions to the NAAQS for ozone and particulate that EPA may implement in the future.  It is 
not expected that South Dakota would be included in these revisions, but the Co-owners note that 
under the BART determination on Big Stone, Big Stone plans to install Best Available Retrofit 
Technology for control of both SO2 and NOX.  As a result, even if South Dakota were to be 

                                                 
3  42 U.S.C. § 7410(a)(2)(D)(i)(I) (CAA § 110(a)(2)(D)(i)(I)) provides that SIPs must contain adequate provisions 

to prohibit emissions from sources in the state that will “contribute significantly to nonattainment in, or interfere 
with maintenance by, any other State” of compliance with NAAQS.  The CAA also contains a procedure for a 
state to petition EPA for a finding of contribution from sources located in other states.  42 U.S.C. § 7426 (CAA 
§ 126). 

4  70 Fed. Reg. 25162, 25165 (May 12, 2005), Rule to Reduce Interstate Transport of Fine Particulate Matter and 
Ozone (Clean Air Interstate Rule, Final Rule). 

5  North Carolina v. E.P.A., 531 F.3d 896, 901 (D.C.Cir. 2008).  After initially vacating the CAIR rule, the court 
decided to allow CAIR to go into effect pending revisions to the program to address the numerous flaws the 
court found in the rule.   

6  75 Fed. Reg. 45210, 45215 (Aug. 2, 2010), Federal Implementation Plans to Reduce Interstate Transport of Fine 
Particulate Matter and Ozone, Proposed Rule. 
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included in future iterations of the Transport Rule control program, the Co-owners would not 
anticipate needing to install greater controls than are currently proposed in the Big Stone AQCS 
Project.7 

B. Acid Deposition 

Under Title IV of the 1990 amendments to the Clean Air Act, emissions of SO2 and NOX from 
the electric utility industry have been reduced substantially.  To control SO2 emissions, Title IV 
limits national total SO2 emissions to 8.9 million tons per year and utilizes an emission 
allowance program where allowances to emit SO2 are distributed to power plants.8  An 
allowance is an authorization to emit one ton of SO2 and is tradable.9  As a result, facilities have 
reduced SO2 where it is most cost-effective to do so, and have purchased emission allowances to 
cover SO2 emissions where the cost of control at a particular facility is high.  The Co-owners  
currently receive a sufficient number of SO2 emission allowances to meet the requirements of 
Title IV at the Big Stone Plant and has not purchased allowances to meet the Title IV 
requirements. 

In addition, Title IV requires that national NOX emission reduction goals be achieved through 
mandatory emission standards that limit emissions at individual power plants.  Big Stone meets 
the current NOX emission limitations that apply to it under Title IV of the Clean Air Act. 

The Co-owners do not anticipate any changes to the Title IV Acid Deposition Program under the 
Clean Air Act. 

C. Regional Haze Program 

The main feature of the Regional Haze Program that relates to electric power plants constructed 
between 1962 and 1977 is the requirement to install BART.10  That requirement will be met by 
installation and operation of the Big Stone AQCS that is proposed in this proceeding.  In 
addition, the Co-owners  note that the state agencies are required to periodically review their 
visibility SIPs every five years, evaluate progress in meeting visibility improvement goals, and 
determine whether their SIPs need to be revised to require additional emission reductions.11 

Because the Big Stone AQCS Project would install the top control technologies for the pollutants 
affecting visibility, the Co-owners do not anticipate further controls being required on Big Stone 

                                                 
7  There was some interest in Congress in legislatively adopting the CAIR program after the court reversed the 

rule.  In the last Congress, Senators Carper and Alexander introduced a bill designed to accomplish this, which 
was not enacted. 

8  42 U.S.C. § 7651b(a)(1) (CAA § 403(a)(1)). 

9  42 U.S. C. §§ 7651a(3) (CAA § 402(3)) and 7651b(f) (CAA § 403(f)). 

10 “Regional haze” is caused when sunlight encounters tiny pollution particles in the air.  Some light is absorbed 
and other light is scattered before it reaches an observer, reducing the clarity and color of what the observer 
sees, causing impairment of visibility. 

11  40 C.F.R. § 51.308 (g) & (h). 
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as a result of future five-year reviews by South Dakota of its Regional Haze SIP.  While there is 
potential for change (for example, if control technologies are developed that are more efficient 
than those currently available), the Co-owners note that the control technologies required for the 
Big Stone AQCS provide very high reductions in PM, NOX and SO2, meaning that further 
improvements in control technology could reduce pollutants only marginally more than the 
levels that will be achieved by the Big Stone AQCS. 

II. Hazardous Air Pollutants 

The 1990 Amendments to the CAA required EPA to study the effects of emissions of listed 
hazardous air pollutants by electric steam generating plants.12  The EPA completed required 
studies and submitted reports to Congress, and determined that it would regulate mercury 
emissions from electric generating units under the hazardous air pollutant requirements of the 
CAA.13  EPA then published final rules that reversed this determination and set forth a cap and 
trade program for mercury emissions under the New Source Performance Standard provisions of 
the CAA.14  EPA’s mercury rule was reversed by the United States Court of Appeals for the D.C. 
Circuit on February 8, 2008.15  The Court ruled that EPA had not properly followed the 
procedures set forth in Section 112 of the CAA to remove the requirement to regulate mercury 
emissions from electric generating units under the hazardous air pollutant provisions of the Act. 

EPA has decided to commence a rulemaking to control mercury and other hazardous air 
pollutant emissions from power plants under the Maximum Achievable Control Technology 
(“MACT”) provision of Section 112.  This action will apply standards to existing electric 
generating units, as well as establish standards for any new units that would be constructed.  EPA 
has issued information collection requests to assist it in developing this standard, and has agreed 
to a settlement of litigation about the timing of issuance of the Utility MACT standard which 
would require that the standard be proposed in early 2011 and adopted in November 2011.  The 
EPA Administrator signed the proposed rule on March 16, 2011, and EPA published it in the 
May 3, 2011 Federal Register.  Subject to limited exceptions, once a MACT standard is 
effective, sources have three years to achieve compliance. 

Coincident with the Big Stone AQCS Project, the Co-owners  plan to install equipment for 
mercury control.  The Co-owners anticipate that compliance with the Utility MACT standard 
will require installation of carbon injection equipment, which will have an estimated capital cost 
of $5 million.16  While the capital requirements for the carbon injection equipment are small in 
                                                 
12  42. U.S.C. § 7412(n)(1) (CAA § 112(n)(1). 

13  65 Fed. Reg. 79825 (Dec. 20, 2000), Regulatory Finding on the Emissions of Hazardous Air Pollutants from 
Electric Utility Steam Generating Units. 

14  70 Fed. Reg. 15994 (March 25, 2005), Revision of December 2000 Regulatory Finding on the Emissions of 
Hazardous Air Pollutants From Electric Utility Steam Generating Units and the Removal of Coal- and Oil-Fired 
Electric Utility Steam Generating Units From the Section 112(c) List, and 70 Fed. Reg. 28606 (May 18, 2005), 
Standards of Performance for New and Existing Stationary Sources:  Electric Utility Steam Generating Units. 

15  New Jersey v. E.P.A., 517 F.3d 574 (D.C.Cir. 2008). 

16  Attachment 6, ACI Estimate. 
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relation to the capital requirements for other types of pollution control equipment in the AQCS 
Project, the operating costs to purchase and use the injected material that collects the mercury are 
comparatively higher in relation to other types of control equipment.  As a result, the Co-owners  
expect the cost of mercury control once the MACT standard is adopted to be approximately $2 
million per year.17  The mercury control technology is expected to use specialized lances to inject 
powdered activated carbon into the flue gas ductwork prior to the spray dryer.  The technology is 
designed to target 90% mercury removal.  

The Co-owners additionally note that the Utility MACT standard may deal with other hazardous 
air pollutants besides mercury, including metals, acid gases and organic hazardous air pollutants.  
The Co-owners anticipate that the Big Stone AQCS will be able to capture portions of the other 
hazardous air pollutants subject to the MACT standard due to the effectiveness of the designated 
control technology.18  Therefore, the Co-owners anticipate that compliance with the upcoming 
Utility MACT standard will be achieved by the Big Stone AQCS with the addition of mercury 
control equipment. 

III. Greenhouse Gas Regulation 

A. Greenhouse Gas Regulation Under the Clean Air Act 

1. Background 

In April 2007, the U.S. Supreme Court issued a decision that determined that the EPA has 
authority to regulate carbon dioxide (“CO2”) and other greenhouse gases (“GHGs”) as air 
pollutants under the CAA.  The Supreme Court remanded the case to the EPA to conduct a 
rulemaking to decide whether GHGs may reasonably be anticipated to endanger public health or 
welfare, and if so, whether GHGs cause or contribute to climate change.19  While this case 
addressed a provision of the CAA related to emissions for motor vehicles, other provisions of the 
CAA apply to stationary sources such as electric generating units. 

The first step in the EPA rulemaking process was the publication of an endangerment finding in 
the Federal Register on December 15, 2009.20  The EPA found that CO2 and five other GHGs – 
methane, nitrous oxide, hydrofluorocarbons, perfluorocarbons and sulfur hexafluoride – 
threatened public health and the environment.  EPA then adopted GHG standards for new light-
duty vehicles as part of a joint rulemaking with the Department of Transportation.21  These 

                                                 
17  Attachment 7. 

18  The semi-dry FGD with baghouse is expected to provide the most effective control of acid gases for plants like 
Big Stone.  Similarly, non-mercury trace metals are effectively captured in particulate control systems like 
baghouses. 

19  Massachusetts v. Environmental Protection Agency, 549 U.S. 497 (2007). 

20  74 Fed. Reg. 66496 (Dec. 15, 2009), Endangerment and Cause or Contribute Findings for Greenhouse Gases 
under Section  202(a) of the Clean Air Act. 

21  75 Fed. Reg. 25324 (May 7, 2010), Light-Duty Vehicle Greenhouse Gas Emission Standards and Corporate 
Average Fuel Economy Standards (Light Duty Vehicle Rule, Final Rule). 
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standards apply to motor vehicles as of January 2011, which makes GHGs “subject to 
regulation” under the CAA.  Although applicable only to motor vehicles, the standard regulates 
GHG emissions for the first time under the CAA, and GHG emissions are therefore included in 
the pollutants subject to the requirements of the New Source Review program of the CAA. 

2. New Source Review 

Under the New Source Review Program, the Prevention of Significant Deterioration (“PSD”) 
program applies to areas of the country that attain the NAAQS, such as the area in which the Big 
Stone Plant is located.  PSD review requires persons constructing new major air pollution 
sources or implementing significant modifications to existing air pollution sources that constitute 
a significant net emissions increase to obtain a permit prior to such construction or 
modification.22  In order to obtain a PSD permit, the owner or operator of an affected facility 
must undergo a review which requires the identification and implementation of best-available 
control technology (“BACT”) for the regulated air pollutants for which there is a significant net 
emissions increase, and an analysis of the ambient air quality impacts of the facility. 

On May 13, 2010, EPA issued a final “tailoring rule” that phases in application of this program 
to GHG emission sources, including power plants.23  This program applies to existing sources 
such as Big Stone if there is a physical change or change in the method of operation of the 
facility that results in a significant net emissions increase.  As a result, PSD does not apply on a 
set timeline as is the case with other regulatory programs, but is triggered depending on what 
activities take place at a major source. 

The EPA decided to phase in the PSD requirements for GHGs in two steps.  Beginning on 
January 2, 2011, GHG control analysis will be conducted in PSD permit proceedings only if 
changes at a facility trigger PSD for criteria pollutants and if the proposed change increases 
GHGs by over 75,000 tons per year of “CO2e,” a measure that converts emissions of each GHG 
into its carbon dioxide equivalent.24  Until July of 2011, the threshold applies only to facilities 
currently subject to PSD or Title V permitting.  However, as of July 2011, sources emitting more 
than 100,000 tons per year of CO2e are considered “major sources” subject to PSD requirements 
if they propose to make modifications resulting in a net GHG emissions increase of 75,000 tons 
per year or more of CO2e.25 

The gross generating capacity of the Big Stone Plant will not increase as part of the AQCS 
Project.  Furthermore, it is necessary as part of this project to reduce the temperature of the flue 
gas exiting the boiler by improving the boiler efficiency, so that the flue gas will be within the 
temperature range required for operation of the SCR control equipment.  The Plant will also need 
to provide additional electricity to the new AQCS, i.e. increased station service, as reflected by 
the increase in the net plant heat rate (Btu/kWh net).  The additional electricity requires 

                                                 
22  40 C.F.R. § 52.21, Prevention of Significant Deterioration of Air Quality. 

23  75 Fed. Reg. 31514 (June 3, 2010), PSD Greenhouse Gas Tailoring Rule. 

24  Id. at 31523. 

25  Id. 
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combustion of a small amount of additional coal.  However, the increase in GHG emissions is 
projected to be less than 75,000 tons per year.  Consequently, GHG emissions are not projected 
to trigger the need for a PSD permit as a result of the AQCS Project, and the PSD program 
requirements would not apply as a result of the Project. 

3. New Source Performance Standards 

EPA has announced a timeframe for developing New Source Performance Standards (“NSPS”) 
for GHGs from electric generating units.26  EPA plans to propose this NSPS in August 2011, and 
adopt the standard in June 2012.27  In general, NSPS become applicable to new sources built 
after the effective date of the regulation, or affect what may be required to be included as an 
emission control at the time an existing source makes a change significant enough to trigger 
NSPS applicability.28  To trigger the applicability of NSPS, an existing source must make a 
modification that increases its maximum hourly emissions rate.  The Big Stone Plant is not a 
“new source,” having been constructed in the early 1970s.  In addition, the AQCS Project will 
substantially reduce emissions rates for SO2, NOX and particulate matter, while maintaining the 
same maximum hourly heat input rate (mmBtu/hour), which will keep the Plant’s maximum 
hourly emissions of GHGs the same.29  Thus, the AQCS Project will not trigger the applicability 
of the NSPS for GHGs that EPA plans to develop.30 

At the same time EPA develops the NSPS, EPA also plans to issue emission guidelines for 
existing sources under CAA Section 111(d) (“111(d) Standard”).31  A 111(d) Standard, unlike 
the NSPS, applies to an existing source.  States are given a period of time to develop plans to 
implement a 111(d) Standard, and if a state does not develop such a plan, EPA will prescribe a 
plan for that state.  A “standard of performance” is defined as: 

                                                 
26  See 42 U.S. C. § 7411(b) (CAA § 111(b)). 

27  EPA plans to sign the proposed rule on July 26, 2011 and sign the final rule on May 26, 2012.  See 
http://www.epa.gov/airquality/pdfs/boilerghgsettlement.pdf.  The dates above estimate the month in which these 
actions will be published in the Federal Register. 

28  42 U.S.C. § 7411 (CAA § 111).  Under the NSPS program, new sources are those which begin construction or 
modification after the publication of proposed regulations.  Id. at § 7411(a)(2) (CAA § 111(a)(2)). 

29  The NSPS General Provisions also state that “[t]he addition or use of any system or device whose primary 
function is the reduction of air pollutants” is not “by itself” considered a “modification.”  40 
C.F.R.§ 60.14(e)(5) (except in the case of replacement of a control system with a less environmentally 
beneficial system). 

30  Applicability of NSPS can also be triggered by “reconstruction” of a facility.  “Reconstruction” occurs when 
components of an existing facility are replaced to such an extent that the fixed capital cost of the new 
components exceeds 50 percent of the fixed capital cost required to construct a comparable new facility and it is 
economically and technically feasible to meet the NSPS.  40 C.F.R. § 60.15(b).  The AQCS Project capital cost 
does not exceed 50 percent of the cost of building an entirely new Big Stone Plant, especially not where a newly 
built plant would require the same air pollution control systems, and where only parts of the AQCS Project 
replace existing equipment at the Plant, such as the baghouse. 

31  42 U.S.C. § 7411(d) (CAA § 111(d)).  An “existing source” is any source that is not a new source.  Id. at 
§ 7411(a)(6) (CAA § 111(a)(6)). 
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…a standard for emissions of air pollutants which reflects the degree of emission 
limitation achievable through the application of the best system of emission reduction 
which (taking into account the cost of achieving such reduction and any nonair quality 
health and environmental impact and energy requirements) the [EPA] Administrator 
determines has been adequately demonstrated.32 

Both NSPS and 111(d) Standards involve development of “standards of performance,” but the 
111(d) Standard also requires the EPA to consider, “among other factors, remaining useful lives 
of the sources in the category of sources to which such standard applies.”33  In general, the 
standards ultimately developed are more stringent for new sources than for existing sources 
because existing source standards need to consider the issues involved in retrofitting plants 
considering what can be achieved under their existing design.34  The standards also need to be 
capable of attainment across the category of sources regulated by the standard.35 

At present, standards of performance for GHGs, especially for existing sources, are anticipated to 
focus on efficiency improvements rather than add-on controls.  The Co-owners have  in the past 
implemented efficiency measures at Big Stone through its switch from lignite to PRB coal as 
fuel, and through installation of a more efficient steam turbine at the Plant.  Additionally, the 
cost of efficiency improvements that achieve generation of the same amount of power with less 
fuel used could be offset in whole or in part by reduced fuel costs. 

B. Greenhouse Gas Regulation Outside the Clean Air Act 

Debate continues in Congress on the direction and scope of U.S. policy on climate change and 
regulation of GHGs.  Although several bills have been introduced in Congress that would 
compel reductions of CO2 emissions (for example the U.S. House of Representatives on June 26, 
2009 passed the American Clean Energy and Security Act of 2009, also known as “Waxman-
Markey”), no legislation establishing a comprehensive approach to mandatory GHG reductions 
passed the Congressional session that recently ended.  The likelihood of any federal cap and 
trade reduction program being adopted by the new Congress in the near future appears doubtful.  
With the new Congress just beginning, the specific requirements of any such program are 
unknown.  What is clear in the Legislative debates, as well as in the Waxman-Markey Bill, is 
that Congress places high emphasis on mitigation of costs for utility ratepayers, and would likely 
provide years of free allowance allocations for utilities for this purpose.36 

                                                 
32  Id. at § 7411(a)(1) (CAA § 111(a)(1)). 

33  Id. at § 7411(d)(2) (CAA § 111(d)(2)). 

34  As a retrofit control requirement, BART determinations take into account similar factors for the control of the 
pollutants from existing sources that impact visibility. 

35  NSPS apply nationally to an entire category of sources, in contrast to PSD BACT requirements, which are 
tailored on a case-by-case basis to the individual plant that is applying for a PSD permit. 

36  In the Waxman-Markey Bill, for example, the U.S. House provided free allowance allocations to utilities from a 
proposed program onset in 2012 through 2025, plus a gradual phase-in to purchased allowances for an 
additional five year period, until 2030. 
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IV. Coal Waste Regulation 

On June 21, 2010, EPA published a proposed rule that outlines two possible options to regulate 
disposal of coal ash generated from the combustion of coal by electric utilities under the 
Resource Conservation and Recovery Act (“RCRA”).37  In one option, EPA would propose to 
list coal ash destined for disposal in landfills or surface impoundments as “special wastes” 
subject to regulation under Subtitle C of RCRA.  Subtitle C regulations set forth the EPA’s 
hazardous waste regulatory program, which regulates the generation, handling, transport and 
disposal of wastes. 

The proposal would create a new category of special waste under Subtitle C, so that coal ash 
would not be classified as hazardous waste, but would be subject to many of the regulatory 
requirements applicable to hazardous wastes.  This option would subject coal ash to technical 
and permitting requirements from the point of generation to final disposal.  EPA is considering 
whether to impose disposal facility requirements such as liners, groundwater monitoring, fugitive 
dust controls, financial assurance, corrective action, closure of units, and post-closure care.  This 
option also includes potential requirements for dam safety and stability for surface 
impoundments, land disposal restrictions, treatment standards for coal ash, and a prohibition on 
the disposal of treated coal ash below the natural water table.  Beneficial re-uses of coal ash 
would not be subject to these requirements.38 

Under the second proposed regulatory option EPA would regulate the disposal of coal ash under 
Subtitle D of RCRA, the regulatory program for non-hazardous solid wastes.  In this option, EPA 
is considering issuing national minimum criteria to ensure the safe disposal of coal ash, which 
would subject disposal units to location standards, composite liner requirements, groundwater 
monitoring and corrective action standards for releases, closure and post-closure care 
requirements, and requirements to address the stability of surface impoundments.  Within this 
option, EPA is also considering not requiring existing surface impoundments to close or install 
composite liners and allowing them to continue to operate for their useful life. 

This option would not regulate the generation, storage, or treatment of coal ash prior to disposal, 
and no federal permits would be required.39  EPA’s proposal also states that EPA is considering 
whether to list coal ash as a hazardous substance under the Comprehensive Environmental 
Response, Compensation, and Liability Act (“CERCLA”), and includes proposals for alternative 
methods to adjust the statutory reportable quantity for coal ash.  EPA has not decided which 
regulatory approach it will take with respect to the management and disposal of coal ash. 

The Big Stone Plant dry ash disposal site has been regulated, permitted and inspected by the 
South Dakota Department of Environment and Natural Resources (DENR) since the facility 
commenced commercial operation in 1975.  The ash is currently transported to the site with 
conventional earthmoving equipment.  The site is underlain with native clay.  Each portion of the 

                                                 
37  75 Fed. Reg. 35128 (June 21, 2010), Hazardous and Solid Waste Management System; Identification and 

Listing of Special Wastes; Disposal of Coal Combustion Residuals From Electric Utilities, Proposed Rule. 

38  Id. at 35133. 

39  Id. 
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designated disposal area is covered with clay and topsoil once it is filled to capacity.  Monitoring 
of groundwater around the entire Plant site began prior to Plant operation and annual reports 
have been provided to the DENR.  The site meets all current requirements of the DENR.  While 
additional requirements may be imposed as part of EPA’s pending rule that could increase the 
capital and operating costs of Big Stone Plant, identification of specific costs would be 
contingent on the requirements of the final rule. 

The most costly option in the EPA proposal is the option that would regulate all coal ash 
destined for disposal as special waste.  If EPA imposes this option, the Co-owners  project a 
disposal cost of $37.50 per ton in 2010 dollars.40  This would translate into a yearly cost of 
approximately $5.75 million, which if escalated at 3% to 2016, would be $6.66 million per year 
of additional O & M expense.  If EPA chooses the other option, it would impose less cost than 
this estimate.  It is also possible that the new regulations would not require change in the current 
operation and cost of Big Stone’s coal ash disposal site. 

V. Water Consumption and Water Pollution Control 

A. Water Use 

The Co-owners are  not aware of any new or anticipated water use or water pollution 
requirements that would apply to the Big Stone Plant.  Big Stone obtains water for plant 
operations from Big Stone Lake in accordance with the terms and conditions of Water 
Appropriations Permits that were issued by the South Dakota DENR.  The current permitted 
water appropriations are adequate for the site needs following operation of the AQCS Project. 

B. Stormwater Pollution Control Requirements 

In South Dakota, any construction activity disturbing one or more acres must have coverage 
under a storm water permit.  On December 31, 2009, the DENR reissued a General Permit for 
Storm Water Discharges Associated with Construction Activity.  A General Permit is a 
standardized permit with pre-determined conditions for specific activities issued throughout the 
state.  The storm water general permit includes runoff control requirements and work practices 
(e.g., grading and drainage requirements, silt fences, and retention ponds) designed to minimize 
impacts on surface waters associated with storm water runoff during construction activities.  In 
connection with construction of the AQCS, Otter Tail Power Company, as operating agent, will 
need to file a Notification of Construction Activity and develop a Storm Water Pollution 
Prevention Plan as required by the General Permit. 

All storm water discharges associated with industrial activities, including power generating 
facilities, that discharge through municipal storm sewer systems or that discharge directly into 
the waters of the U.S. are required to obtain a NPDES storm water permit.  The storm water 
control and discharge requirements may require storm water retention, sampling, and analysis 
prior to discharge.  In South Dakota, the DENR has a General Permit for Storm Water 
Discharges Associated with Industrial Activity.  The permit covers anyone meeting the 

                                                 
40  Special Reliability Assessment:  Resource Adequacy Impact of Potential U.S. Environmental Regulations, at 57, 

NERC (October 2010). 
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conditions of the General Permit.  Upon completion of the AQCS Project, the facility will be 
required to submit a Notice of Intent to apply for coverage under the General Permit for Storm 
Water Discharges Associated with Industrial Activity. 

C. National Pollutant Discharge Elimination System Permit Requirements 

In South Dakota, no person may directly discharge pollutants from any point source into surface 
waters of the state without a valid Surface Water Discharge (“SWD”) permit.41  The term 
“pollutant” is defined very broadly by the federal National Pollutant Discharge Elimination 
System (“NPDES”) regulations and includes any type of industrial waste discharged into 
regulated surface waters of the U.S. 

The Big Stone Plant is a zero liquid discharge facility and thus a NPDES permit is not required 
for this facility.  The Plant utilizes a combination of retention ponds and wastewater treatment 
equipment that are designed to retain the process wastewater on-site and not discharge it to 
regulated surface waters.  All retention ponds are manmade facilities that are briefly described as 
follows: 

 A cooling pond – where the condenser cooling water is cooled prior to reuse in the Plant, 

 An evaporation pond – which stores and evaporates water that is removed from the 
cooling pond for treatment, and 

 A holding pond – which is the supply source for a portion of the wastewater treatment 
equipment as described below. 

The current facility wastewater treatment system includes a brine concentrator that treats holding 
pond water similar to a still.  The brine concentrator produces a high quality water that is used by 
both the Big Stone Plant and the adjacent POET Biorefining Ethanol Plant.  The second brine 
concentrator effluent is a concentrated supernatant that is retained in a synthetically lined 
treatment pond.  The current wastewater treatment system also includes a cold lime softener that 
chemically softens the water contained in the cooling pond.  The combination of the storage 
ponds and the wastewater treatment systems have been designed to reuse water within the 
facility such that fresh makeup water consumption from Big Stone Lake is minimized. 

The Co-owners  will install a semi-dry FGD control system designed as a spray dryer absorber 
for SO2 emissions control as part of the AQCS Project.  There are no liquid wastes generated 
from a SDA control system, as all water used in the control system is evaporated.  In fact, the 
SDA can provide an outlet for process wastewaters from other parts of the Plant.  The AQCS 
Project therefore retains the zero liquid discharge design and operating criteria.  Thus, a NPDES 
permit is not required as a result of the AQCS Project. 

Section 316(b) of the Clean Water Act requires that the location, design, construction, and 
capacity of the cooling water intake structures reflect the best technology available for 
minimizing adverse environmental impact.  The purpose of this regulation is to minimize the 

                                                 
41  S.D. Admin. R. 74:52:01:04.  SWD permitting regulations are included in S.D. Admin. R., Article 74:52. 
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impingement and entrainment of fish and other aquatic organisms as they are drawn into a 
facility’s cooling water intake.  Those impacts are minimized by use of closed loop cooling 
technology.  Closed loop cooling technology enables reuse of plant process cooling water within 
a predominately closed system as compared to once-through cooling process water cooling 
where the water is withdrawn from a public water body for cooling and then is immediately 
returned to the water body.  EPA published its proposed rule in the Federal Register on April 20, 
2011.  Although EPA rulemaking with regard to Section 316(b) requirements is ongoing, the 
requirements of this section are not applicable to Big Stone Plant since the Plant is not regulated 
as a point source discharge under the NPDES permit program and it also uses a cooling pond, 
which is a type of closed loop cooling. 

VI. CONCLUSION 

This assessment of anticipated federal and state air quality regulations demonstrates that the Big 
Stone AQCS provides a sufficiently high level of control of the regional haze pollutants (SO2, 
NOX and particulate matter), such that no further control of these pollutants is reasonably 
anticipated to be required on the Plant after implementation of the AQCS Project.  It is 
reasonably anticipated that additional control equipment for mercury, using Activated Carbon 
Injection as part of the AQCS system, will be required by the Utility MACT standard in the 
timeframe that the AQCS is implemented.  The Co-owners have included the cost for mercury 
control and plans to implement this with the AQCS Project in anticipation of EPA’s issuance of a 
Utility MACT standard. 

The regulation of GHG under the CAA PSD program is not expected to impose additional 
control requirements on the Plant, while EPA’s upcoming existing source standard is anticipated 
to focus on unit efficiency.  The future of federal GHG legislation is unclear, and the potential 
requirements of such a program are unknown 

This assessment of anticipated federal and state water and waste regulations demonstrates that 
there are no reasonably anticipated water quality regulations that would increase the costs to run 
the Plant.  The proposed coal ash waste rules could impose a range of costs from no additional 
cost to some cost increases for coal ash waste disposal.  The Co-owners have used a reasonable 
cost estimate based on NERC studies for the cost of coal waste disposal options EPA is 
considering.  That cost, as well as the estimated cost for mercury control, is evaluated as part of 
the regulatory response scenario analysis in Joint Exhibit 3. 
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ARTICLE 74:36 

 

AIR POLLUTION CONTROL PROGRAM 

 

 

Chapter 

74:36:01   Definitions. 

74:36:02   Ambient air quality. 

74:36:03   Air quality episodes. 

74:36:04   Operating permits for minor sources. 

74:36:05   Operating permits for Part 70 sources. 

74:36:06   Regulated air pollutant emissions. 

74:36:07   New source performance standards. 

74:36:08   National emission standards for hazardous air pollutants. 

74:36:09   Prevention of significant deterioration. 

74:36:10   New source review. 

74:36:11   Performance testing. 

74:36:12   Control of visible emissions. 

74:36:13   Continuous emission monitoring systems. 

74:36:14   Variances, Repealed. 

74:36:15   Open burning, Transferred or Repealed. 

74:36:16   Acid rain program. 

74:36:17   Rapid City street sanding and deicing. 

74:36:18   Regulations for state facilities in the Rapid City area. 
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74:36:19   Mercury budget trading program. 

74:36:21   Regional haze program. 

 

 

CHAPTER 74:36:21 

REGIONAL HAZE PROGRAM 

Section 

74:36:21:01  Applicability. 

74:36:21:02  Definitions. 

74:36:21:03  Existing stationary facility defined. 

74:36:21:04  Visibility impact analysis. 

74:36:21:05  BART determination. 

74:36:21:06  BART determination for a BART-eligible coal-fired power plant. 

74:36:21:07  Installation of controls based on visibility impact analysis or BART determination. 

74:36:21:08  Operation and maintenance of controls.   

74:36:21:09  Monitoring, recordkeeping and reporting. 

74:36:21:10  Permit to construct. 

74:36:21:11  Permit modification required for BART determination. 

74:36:21:12  Federal land manager notification and review. 

 

 74:36:21:01. Applicability.  The provisions of this chapter apply to the owner or operator of 

a new major source, modification to a major source, and a BART-eligible source.  The provisions 

of this chapter do not apply to a major source or major modification to an existing source 

applicable to §§ 74:36:09 and 73:36:10. 
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 Source: 

 General Authority: SDCL 34A-1-6. 

 Law Implemented: SDCL 34A-1-6. 

 

 74:36:21:02. Definitions.  Unless otherwise specified, the terms used in this chapter mean: 

(1) “Adverse impact on visibility,” visibility impairment that interferes with the 

management, protection, preservation, or enjoyment of the visitor’s visual experience of the 

mandatory Class I federal area.   Adverse impact on visibility shall be based on a case-by-case 

basis taking into account the geographic extent, intensity, duration, frequency, and time of 

visibility impairment, and how these factors correlate with times of visitor use of a mandatory 

Class I federal area and the frequency and timing of natural conditions that reduce visibility; 

(2) “BART,” best available retrofit technology; 

(3) “Best available retrofit technology” an emission limitation based on the degree of 

reduction achievable through the application of the best system of continuous emission reduction 

for each pollutant that is emitted by an existing stationary facility. The emission limitation must be 

established, on a case-by-case basis, taking into consideration the technology available, the costs 

of compliance, the energy and nonair quality environmental impacts of compliance, any pollution 

control equipment in use or in existence at the source, the remaining useful life of the source, and 

the degree of improvement in visibility that may reasonably be anticipated to result from the use of 

such technology; 

(4) “BART-eligible source,”  an existing stationary facility;  

(5) “Coal-fired power plant,” any person, corporation, limited liability company, 

association, company, partnership, political subdivision, municipality, rural electric cooperative, 
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consumers power district, or any group or combination acting as a unit, owning or holding under 

lease, or otherwise real property used, or intended for use, for the conversion of coal into electric 

power; 

(6) “Contribute to adverse impact on visibility,” a change in visibility impairment in a 

mandatory Class I federal area of five-tenths deciviews or more, based on a 24-hour average, 

above the average natural visibility baseline.  A source exceeds the threshold if the 98th percentile 

(eighth highest value)  of the modeling results, based on one year of the three years of 

meteorological data modeled, equals or exceeds five-tenths deciviews; 

(7) “Major source,” as defined in § 74:36:01:08(2) and (3); 

(8) “Mandatory Class I federal area,”  any area identified in 40 C.F.R. § 81, Subpart D 

(July 1, 2009); and 

(9) “Visibility impairment,” any human perceptible change in visibility such as light 

extinction, visual range, contrast, coloration, from that which would have existed under natural 

conditions.   

 

 Source: 

 General Authority: SDCL 34A-1-6. 

 Law Implemented: SDCL 34A-1-6. 

 

 74:36:21:03. Existing stationary facility defined.  An existing stationary facility is any of 

the following stationary sources of air pollutants, including any reconstructed source that was not 

in operation before August 7, 1962, and was in existence on August 7, 1977, and has the potential 

to emit 250 tons per year or more of any air pollutant.  In determining potential to emit, fugitive 

emissions, to the extent quantifiable, must be counted for: 
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(1) Fossil-fuel fired steam electric plants of more than 250 million British thermal units per  
hour heat input; 

(2) Coal cleaning plants (thermal dryers); 

(3) Kraft pulp mills; 

(4) Portland cement plants; 

(5) Primary zinc smelters; 

(6) Iron and steel mill plants; 

(7) Primary aluminum ore reduction plants; 

(8) Primary copper smelters; 

(9) Municipal incinerators capable of charging more than 250 tons of refuse per day; 

(10) Hydrofluoric, sulfuric, and nitric acid plants; 

(11) Petroleum refineries; 

(12) Lime plants; 

(13) Phosphate rock processing plants; 

(14) Coke oven batteries; 

(15) Sulfur recovery plants; 

(16) Carbon black plants (furnace process); 

(17) Primary lead smelters; 

(18) Fuel conversion plants; 

(19) Sintering plants; 

(20) Secondary metal production facilities; 

(21) Chemical process plants; 

(22) Fossil-fuel boilers of more than 250 million British thermal units per hour heat input; 

(23) Petroleum storage and transfer facilities with a capacity exceeding 300,000 barrels; 

(24) Taconite ore processing facilities; 

(25) Glass fiber processing plants; and 

(26) Charcoal production facilities. 

 

 Source: 
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 General Authority: SDCL 34A-1-6. 

 Law Implemented: SDCL 34A-1-6. 

 

  74:36:21:04. Visibility impact analysis.  The owner or operator of a new major source 

or modification to a major source shall demonstrate to the department that the potential to emit 

from the new major source or modification to a major source will not contribute to adverse impact 

on visibility in any mandatory Class I federal area.  The demonstration shall be based on visibility 

models approved in 40 C.F.R. § 51, Subpart W (July 1, 2009). 

 

 Source: 

 General Authority: SDCL 34A-1-6. 

 Law Implemented: SDCL 34A-1-6. 

 

  74:36:21:05. BART determination.  The owner or operator of a BART-eligible source 

that emits any air pollutant which may reasonably be anticipated to contribute to adverse impact 

on visibility in any mandatory Class I federal area shall submit a BART determination.  The 

BART determination shall follow the procedures outlined in 40 C.F.R. § 51, Subpart Y (July 1, 

2009) and must be based on an analysis of the best system of continuous emission control 

technology available and associated emission reductions achievable for each BART-eligible 

source.  In this analysis, the BART determination must take into consideration the technology 

available, the costs of compliance, the energy and non air quality environmental impacts of 

compliance, any pollution control equipment in use at the source, the remaining useful life of the 

source, and the degree of improvement in visibility that may reasonably be anticipated to result 

from the use of such technology.  The BART determination shall be submitted within nine months 
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after being notified by the department that the existing stationary source is reasonably anticipated 

to contribute to adverse impact on visibility in any mandatory Class I federal area. 

 

 Source: 

 General Authority: SDCL 34A-1-6. 

 Law Implemented: SDCL 34A-1-6. 

 

 74:36:21:06. BART determination for a BART-eligible coal-fired power plant.  The 

owner or operator of a BART-eligible coal-fired power plant may not cause or permit emissions of 

the following regulated air pollutant in excess of the following amounts: 

 (1) PM10 emissions in excess of 67.3 pounds per hour, which includes periods of startup and 

shutdown; 

 (2) PM10 emissions in excess of 0.012 pounds per million Btus, which includes periods of 

startup and shutdown; 

 (3) Sulfur dioxide emissions in excess of 505 pounds per hour, which includes periods of 

startup and shutdown; 

 (4) Sulfur dioxide emissions in excess of 0.09 pounds per million Btus, which does not 

include periods of startup and shutdown; 

 (5) Nitrogen oxide emissions in excess of 561 pounds per hour, which includes periods of 

startup and shutdown; and (6) Nitrogen oxide emission in excess of 0.10 pounds per million 

Btus, which does not include periods of startup and shutdown. 

 

Compliance with the PM10 emission limits shall be based on an annual stack performance test 

using the average of three 1-hour test runs. Compliance with the sulfur dioxide and nitrogen oxide 
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emission limits shall be based on using continuous emission monitoring systems and a 30-day 

rolling average. 

 

 Source: 

 General Authority: SDCL 34A-1-6. 

 Law Implemented: SDCL 34A-1-6. 

 

 74:36:21:07. Installation of controls based on visibility impact analysis or BART 

determination.  The owner or operator of a new major source, modification to a major source, or 

a BART-eligible source that emits any air pollutant which may reasonably be anticipated to 

contribute to adverse impact on visibility in any mandatory Class I federal area shall install, 

operate, and maintain the controls established in a visibility impact analysis or BART 

determination.  The owner or operator of a new major source or modification to a major source 

must install and operate the controls established in a visibility impact analysis at initial startup.  

The owner or operator of a BART-eligible source required to install BART must install, operate 

and demonstrate compliance with BART as expeditiously as practicable, but no later than five 

years from EPA’s approval of the state implementation plan for regional haze. 

 

 Source: 

 General Authority: SDCL 34A-1-6. 

 Law Implemented: SDCL 34A-1-6. 

 

 74:36:21:08. Operation and maintenance of controls.  The owner or operator required to 

install and operate controls established in a visibility impact analysis or BART determination shall 
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establish written procedures to ensure the control equipment is properly operated and maintained.  

The written procedures shall include, at a minimum, the following: 

 (1) A maintenance schedule for each control device that is consistent with the 

manufacturer’s instructions and recommendations for routine and long-term maintenance; 

 (2) Procedures for the proper operation and maintenance of each control device; and 

 (3) Parameters to be monitored to determine each control device is being operated properly. 

 

 Source: 

 General Authority: SDCL 34A-1-6. 

 Law Implemented: SDCL 34A-1-6. 

 

 74:36:21:09. Monitoring, recordkeeping and reporting.  The owner or operator required 

to install and operate controls established in a visibility impact analysis or BART determination 

shall conduct periodic monitoring, recordkeeping, and reporting.  All sulfur dioxide and nitrogen 

oxides emissions from the BART-eligible source shall be routed to the main stack of a BART-

eligible source.  Monitoring of sulfur dioxide and nitrogen oxide emissions from the main stack 

shall be conducted using a continuous emission monitoring system which complies with the 

continuous emission monitoring requirements in § 74:36:13.  Monitoring requirements for other 

air pollutants from a BART-eligible source or from a major source or modification of a major 

source shall be in accordance with § 74:36:05:16.01(9).  Recordkeeping and reporting shall 

comply with the requirements in § 74:36:05:16.01(9).   

 

 Source: 

 General Authority: SDCL 34A-1-6. 
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 Law Implemented: SDCL 34A-1-6. 

 

 74:36:21:10. Permit to construct.  The owner or operator subject to this chapter may be 

issued a permit to construct in accordance with § 74:36:20 if the department determines that the 

new major source or modification to a major source does not contribute to adverse impact on 

visibility at a mandatory Class I federal area.   

 

 Source: 

 General Authority: SDCL 34A-1-6. 

 Law Implemented: SDCL 34A-1-6. 

 

 74:36:21:11. Permit required for BART determination.  The owner or operator of a 

BART-eligible source shall submit an application in accordance with § 74:36:20 to include the 

controls, emission limits, monitoring, recordkeeping, and reporting requirements identified in the 

BART determination and approved by the department.   

 

 Source: 

 General Authority: SDCL 34A-1-6. 

 Law Implemented: SDCL 34A-1-6. 

 

 74:36:21:12. Federal land manager notification and review.  The department shall 

provide written notice to the federal land manager of a BART determination or any permit 

application for a new major source or modification to a major source if the emissions from which 

may contribute to adverse impact on visibility at a mandatory Class I federal area, except for an 
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application submitted in accordance with §§ 74:36:09 or 74:36:10.  A notification of a BART 

determination shall include a copy of the BART determination and must be submitted within 30 

days of receipt of a complete BART determination.  The department shall consider an analysis 

performed by the federal land manager submitted within 60 days of the federal land manager’s 

being notified of a BART determination or by the end of the public participation process, 

whichever is later. A permit application for a new major source or modification to a major source 

shall include a copy of the permit application and visibility impact analysis.  The department shall 

consider an analysis performed by the federal land manager submitted within 30 days of the 

federal land manager being notified of a visibility impact analysis or by the end of the public 

participation process, whichever is later.  The department shall follow the procedures outlined in 

§§ 74:36:09 or 74:36:10 for an application submitted in accordance with §§ 74:36:09 or 74:36:10.    

 

 Source: 

 General Authority: SDCL 34A-1-6. 

 Law Implemented: SDCL 34A-1-6. 
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2010 Big Stone O&M Non-fuel Budget  $13,655,000 
2010 Costs Escalated to 2016 at 3%   $16,304,784 
2016 O&M Costs (Rounded)    

The following is a summary of cost developed jointly by Sargent & Lundy, LLC and Otter Tail 
Power Company (OTP) based on conceptual design assumptions.2

[TRADE SECRET DATA BEGINS 

Fixed O&M, $M/yr
Variable O&M, $M/yr
Total O&M, $M/yr
Total AQCS O&M, $M/yr 

TRADE SECRET DATA ENDS] 

The variable O&M costs are comprised almost entirely of reagent (lime and ammonia) costs.  In 
the conceptual design phase, reagent usage was calculated at permitted conditions and with no 
reduction in NOX from operation of the SOFA system.   

To obtain a variable cost estimate that will reflect operating conditions after installation of the 
AQCS Project, OTP has reduced variable costs to match actual operating conditions based on 
less flow and less NOX to remove. 

[TRADE SECRET DATA BEGINS 

Fixed O&M, $M/yr
Variable O&M, $M/yr
Total O&M, $M/yr

TRADE SECRET  
DATA ENDS] 

Total AQCS O&M, $M/yr 11.0

1 Prepared by Mark Rolfes, P.E., Manager, Generation Development, Otter Tail Power Company (Jan. 4, 2011). 
2 See Attachment 5 at 6-2. 
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2

For the SCR and semi-dry FGD system the largest portion of the O&M cost are attributable to 
the reagents used for the chemical reactions.  Ammonia in the SCR and Lime in the semi-dry 
FGD.  Based on the current conceptual design, the reagents account for approximately 2/3 of the 
total variable O&M cost.  The remainder is for auxiliary power and maintenance materials.

Big Stone O&M    $16,300,000 
AQCS O&M     $11,000,000 
Total O&M     

The following is a summary of cost developed jointly by Sargent & Lundy and OTP based on 
conceptual design assumptions. 

[TRADE SECRET DATA BEGINS 

Fixed O&M, $M/yr
Variable O&M, $M/yr
Total O&M, $M/yr

TRADE SECRET DATA ENDS] 

To obtain a variable cost estimate that will reflect operating conditions after installation of the 
ACI Project, OTP has reduced and rounded the O&M cost to match actual operating conditions 
based on less flow. 

In particular, OTP has revised the O&M cost estimate for the ACI system to $2.0 million per 
year.
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9400 Ward Parkway • Kansas City, Missouri 64114-3319 
Tel:  816-333-9400 • Fax:  816-333-3690 • www.burnsmcd.com 

 

March 29, 2011 

Mr. Mark Rolfes 
Manager, Generation Development  
Otter Tail Power Corporation 
215 South Cascade Street 
Fergus Falls, MN 56538 

Re: Big Stone Plant Pro Forma Economic Analysis – Modeling Results 
BMcD Project No. 57975 

Dear Mr. Rolfes: 

Burns & McDonnell (BMcD) has been retained by Otter Tail Electric Power Company (Otter 
Tail) to perform a pro forma economic analysis (Analysis) of the air quality control system 
(AQCS) proposed to be installed on the existing Big Stone Plant (BSP).  The AQCS option will 
be compared to several alternatives for providing energy from a generation resource other than 
BSP.  The Analysis includes preparing a pro forma economic model for each of the following 
cases. 

BSP with AQCS 
BSP Retrofitted to Burn Natural Gas (BSP on NG) 
A Combined Cycle Plant to Replace BSP (CCGT) 
A Combined Cycle Plant Combined with Wind Energy Purchases to Match the BSP 
Energy Production (CCGT + Wind) 

Screening level pro forma economic models were prepared to determine the levelized cost of 
power for each alternative over a 20 year planning period.  These levelized energy costs can be 
compared to one another to determine the relative economic attractiveness of each of the options 
under consideration. 

Modeling Inputs 

The following inputs were provided to BMcD from Otter Tail’s recently filed Integrated 
Resource Plan (IRP). 

o O&M Inflation      3.0% per annum 

o Capital Cost Inflation      4.0% per annum 

o Interest Rate      

o Return on Equity     

o Discount Rate      
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o Market Price of Wind Power (2009 $, excluding PTC) 

o Fuel Cost Forecast      Table 1 

The following inputs were provided to BMcD based on Otter Tail’s internal estimates for the 
BSP options. 

BSP with AQCS     

o Net Plant Output      475 MW 

o Net Plant Heat Rate      10,715 Btu/kW 

o Net Plant Capacity Factor     75% 

o Capital Cost of AQCS (2016 $)    $490 million 
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o Annual O&M Cost (Fixed & Variable 2016 $)  $27.3 million 

BSP on NG     

o Net Plant Output      475 MW 

o Net Plant Heat Rate      10,023 Btu/kW 

o Net Plant Capacity Factor     75% 

o Conversion Capital Cost (2016 $)    $147 million 

o Annual O&M Cost (Fixed & Variable 2016 $)  $13.0 million 

CCGT and CCGT + Wind    

o BSP Decommissioning Cost (2016 $)   $21.3 million 

All Natural Gas Fired Options    

o Linear Facility Capital Cost (2016 $)    $120 million 

The following inputs were developed by BMcD from recent project experience. 

CCGT     

o Net Plant Output      475 MW 

o Net Plant Heat Rate      6,680 Btu/kW 

o Net Plant Capacity Factor     75% 

o Capital Cost (2010 $)      $402 million 

o Annual Fixed O&M Cost (2010 $)    $8.50/kW-year 

o Annual Variable O&M Cost (2010 $)   $4.30/MWh 

CCGT + Wind 

o Combined Cycle Net Plant Output    475 MW 

o Combined Cycle Net Plant Heat Rate    6,680 Btu/kW 
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o Combined Cycle Net Plant Capacity Factor   35% 

o Combined Cycle  Capital Cost (2010 $)   $402 million 

o Combined Cycle Annual Fixed O&M Cost (2010 $)  $8.50/kW-year 

o Combined Cycle Annual Variable O&M Cost (2010 $) $4.30/MWh 

o Capacity Factor of Wind Purchases    40% 

o Levelized Value of Production Tax Credit (PTC) (2009$) $20/MWh 

The combined cycle cost estimates and performance values presented above for the CCGT and 
CCGT + Wind options are based on recent project experience.  These values are based on a 
typical cost for an unfired 2 on 1 GE FA.05 combined cycle plant.  Although a plant of this type 
will have an output in the range of approximately 600 MW, only the first 475 MW of capacity 
was considered in this Analysis, in order to compare the options on a consistent basis.  The total 
capital cost presented above was calculated based on the dollar per kilowatt installed cost of an 
unfired 2 on 1 GE FA.05 combined cycle plant, multiplied by 475 MW.  The heat rate values 
presented above are based on typical unfired 2 on 1 GE FA.05 combined cycle plant 
performance.  The annual fixed O&M and variable O&M values are also based on typical 
unfired 2 on 1 GE FA.05 combined cycle plant costs and the variable O&M values included 
major maintenance costs. 

The capacity factor for wind purchases considered in the Analysis is based on an assumed 
capacity factor for a typical wind farm in this region of the country.  The levelized value of the 
PTC used in the analysis is based on the current legislation and the impact to the levelized cost of 
power for a typical wind farm, based on recent project experience. 

Base Case Results 

Each of the alternatives listed above was evaluated in a pro forma economic model to determine 
a screening level energy cost.  These costs can be compared to determine the relative economic 
attractiveness of each of the alternatives considered.   

The capital and O&M costs for BSP with AQCS and BSP on NG were provided to BMcD by 
Otter Tail in 2016 dollars.  These values were input directly into the model without additional 
escalation applied, other than annual O&M escalation for year to year operations.  The year to 
year escalation rate of three percent was used consistent with Otter Tail’s IRP filing. 
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Capital and O&M costs for the CCGT option were taken from recent BMcD experience.  These 
values were developed in 2010 dollars, and were escalated four percent per year for capital and 
three percent per year for O&M to 2016 dollars, consistent with Otter Tail’s IRP modeling 
assumptions.   

In the CCGT + Wind case, BMcD estimated that a 40% capacity factor could be provided by 
market wind energy purchases.  The $71/MWh cost of market wind energy purchases in 2009 
dollar provided by Otter Tail was used as a starting point to determine the price of market wind 
energy to use in this Analysis.  The CCGT + Wind option evaluated in the base case included the 
value of the PTC.  No option was considered in the base case without the PTC.  A value of the 
PTC of $20/MWh in 2009 dollars was deducted from the market wind energy purchases price to 
arrive at a 2009 cost of wind power of $51/MWh including the value of the PTC.  This value was 
escalated by four percent per year to 2016 dollars resulting in a levelized market price of wind 
energy of $67.11 to use in the economic modeling.  The remaining energy would be produced by 
a combined cycle plant.  For purposes of this Analysis, a 475 MW combined cycle plant was 
utilized, equivalent to BSP.  This facility would operate at a 35 percent capacity factor to achieve 
an annual energy production equivalent to BSP.  Current combustion turbine technology results 
in combined cycle plant net capacities in the range of 615 MW.  The capital cost in this Analysis 
was based on the dollar per kilowatt estimates from for a 615 MW facility, assuming that Otter 
Tail would own a 475 MW share in a facility of this size. 

For each of the alternatives to BSP with AQCS, $120 million was added to cover the costs of 
linear facilities required to support the project.  This would cover the costs to run a new natural 
gas line to the BSP plant to convert the units to burn natural gas or construct a new combined 
cycle plant at that site.  Alternatively, if a new combined cycle facility were to be constructed at 
another site, linear infrastructure would need to be constructed for natural gas, transmission 
service, and possibly water and discharge pipelines.

For the CCGT and CCGT + Wind options a cost of $21.3 million was also added to the capital 
costs to cover the decommissioning costs for BSP. 

In addition to the decommissioning costs, Otter Tail estimated that an $82 million cost should be 
assigned to the CCGT and CCGT + Wind options to cover stranded asset costs if BSP would 
cease to operate.  This cost represents the current book value of BSP.  However, the economic 
modeling for the BSP with AQCS and BSP on NG options does not account for this remaining 
book value to be depreciated going forward.  The BSP with AQCS and BSP on NG options only 
account for the capital cost to add the new AQCS equipment or to convert to fire with natural 
gas.  The stranded asset cost was not included in the base case values, however this cost was 
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modeled as an additional scenario to determine the impact it would have on the energy cost.  It 
was determined that this scenario would add $3.81/MWh to the levelized energy cost for the 
CCGT and CCGT + Wind options. 

Otter Tail also requested that BMcD consider the impact of a high environmental cost scenario.  
This scenario consists of the inclusion of mercury emissions control requirements and potential 
ash regulations.  Otter Tail provided a $5 million additional capital cost and $2 million per year 
additional O&M cost to be included for mercury removal on the BSP with AQCS option.  Also, 
$6.66 million in additional O&M was provided for handing ash if it is categorized as a hazardous 
waste.  These three additional costs resulted in a $3.66/MWh increase in the levelized cost of 
energy for the BSP with AQCS option. 

The results of the modeling using the base case assumptions are provided in Table 2 below.

Table 2 – Economic Modeling Base Case Results 

Based on the results of the base case Analysis presented above, BSP with AQCS is the most 
economically attractive alternative under the base case assumptions.  The second most attractive 

20-YEAR LEVELIZED BUSBAR COSTS

BSP + AQCS CCGT + Wind 
with PTC

CCGT BSP on NG

Operations Summary
Net Dispatchable Capacity (MW) 475 475 475 475
Net Dispatchable Generation Capacity Factor 75% 35% 75% 75%
Net Dispatchable Energy Generation (MWh) 3,120,750       1,456,350       3,120,750       3,120,750       
Net Wind Capacity Factor -                    40% -                    -                    
Net Wind Energy Market Purchases (MWh) -                    1,664,400       -                    -                    
Capital Cost (2016 $) 490,000,000$  621,289,115$  621,289,115$  267,000,000$

Depreciation & Interest Basis Energy Costs
Fuel (2016$ / MWh) 40.68$           66.44$           66.44$           99.70$           
O&M (2016$ / MWh) 12.09$           13.37$           9.55$             5.78$             
Depreciation (2016$ / MWh) 8.56$             23.25$           10.85$           4.66$             
Return (2016$ / MWh) 6.10$             16.58$           7.74$             3.32$             
Interest (2016$ / MWh) 4.91$             13.34$           6.22$             2.68$             
Income Taxes (2016$ / MWh) 2.03$             5.53$             2.58$             1.11$             
Levelized Revenue Requirement (2016$ / MWh) 74.38$           138.50$          103.38$          117.25$          
Cost of Wind Energy (2016$ / MWh) -$               67.11$           -$               -$               
Combined Levelized Energy Cost (2016$ / MWh) 74.38$           100.43$          103.38$          117.25$          

Stranded Asset Cost Scenario Adder (2016$ / MWh) -$            3.81$             3.81$             -$            
Total Energy Cost Including Stranded Asset Cost (2016$ / MWh) 74.38$           104.24$          107.19$          117.25$          

High Environmental Cost Scenario Adder (2016$ / MWh) 3.66$       -$                  -$                  -$            
Total Energy Cost Including High Environmental Cost (2016$ / MWh) 78.04$           100.43$          103.38$          117.25$          
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alternative is the CCGT + Wind option, however, this option results in a 35 percent higher cost 
of energy than BSP with AQCS.  Adding in the stranded asset costs to the CCGT + Wind option 
increases the differential in cost of energy between these two options to 40 percent.  Adding in 
the high environmental cost scenario adder reduces these differentials in levelized energy costs 
to 29 percent and 34 percent respectively. 

Sensitivity Analysis 

A sensitivity analysis was prepared for each of the alternatives evaluated in the Analysis under 
the following cases: 

Capital Cost      (plus or minus 30%) 
Fuel Cost      (plus or minus 20%) 
O&M Costs      (plus or minus 20%) 

A sensitivity analysis was performed to determine the impact of changes to the capital costs of 
each option.  The results of the capital cost sensitivity analysis are presented in Figure 1 below. 
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Figure 1 – Capital Cost Sensitivity Levelized Energy Costs

Over the range of capital costs evaluated in this sensitivity analysis, the BSP with AQCS option 
is preferred in all instances.  Capital cost changes have a similar impact on BSP with AQCS, 
CCGT and CCGT + Wind options, since they all have relatively similar capital costs.  Capital 
cost changes have the least impact on the BSP on NG option, since it requires the least capital 
cost investment. 

A sensitivity analysis was performed to determine the impact of changes to the fuel costs for 
each option.  The results of the fuel cost sensitivity analysis are presented in Figure 2 below. 
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Figure 2 – Fuel Cost Sensitivity Levelized Energy Costs

Over the range of fuel costs evaluated in this sensitivity analysis, the BSP with AQCS option is 
preferred in all instances.  Fuel cost changes have the largest impact on the natural gas-fired 
options, since natural gas has a much higher base case cost than coal.  The impact or fuel cost 
changes is reduced on the CCGT + Wind case, since more than half of the energy in that case is 
provided from wind power generation, which is unaffected by changes in fuel prices. 

A sensitivity analysis was performed to determine the impact of changes in O&M costs for each 
of the options.  The results of the O&M cost sensitivity analysis are presented in Figure 3 below. 
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Figure 3 – O&M Cost Sensitivity Levelized Energy Costs

Over the range of O&M costs evaluated in this sensitivity analysis, the BSP with AQCS option is 
preferred in all instances.  O&M cost changes have relatively insignificant impacts on all of the 
options considered. 
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Conclusions

Based on the results of this Analysis, the BSP with AQCS is the most economically attractive 
alternative of the options considered for BSP under the potential future scenarios evaluated.  The 
BSP with AQCS option results in a significantly lower levelized cost of energy than the other 
options evaluated under the base case assumptions.  BSP with AQCS option remains 
economically attractive relative to the other options considered over the range of sensitivities 
evaluated in this Analysis. 

The impact on other Otter Tail resources and Otter Tail’s integrated resource plan (IRP) was not 
evaluated in this Analysis.  Otter Tail will need to determine how a change of resource type at 
the BSP site would impact other resources in Otter Tail’s generation portfolio, as well as how a 
new resource would fit into Otter Tail’s IRP. 

If you have any questions regarding the results of this Analysis, please call Jeff Greig at 816-
822-3392 or Jeff Kopp at 816-822-4239 to discuss.   

Sincerely,

Jeff Greig 
General Manager, Business & Technology Services 

Jeff Kopp, PE 
Development Engineer 

JTK

cc: Mark Rolfes 
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